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DELAYED CLOSURE OF INCISIONS MADE AT CLOSURE 
OF COLONIC STOMAS 


JOHN deJ. PEMBERTON, M.D., F.A.C.S., and B. MARDEN BLACK, M.D., 
Rochester, Minnesota 


ORMERLY it was our custom to man- 

age the incision remaining in the wall of 

the body after closure of a colonic stoma 

in essentially the same manner as that 
in which other incisions of the abdominal! pari- 
etes are treated. After the opening in the bowel 
had been closed, the fascia was approximated 
above the bowel, and the subcutaneous layer 
and skin were closed snugly. A Penrose drain 
was so placed that it extended down to the 
suture line in the bowel. For the most part, 
such wounds healed satisfactorily, but occa- 
sionally rather extensive indolent, subcutane- 
ous abscesses developed. This was true partic- 
ularly when fecal drainage occurred; in such 
cases the fecal fistula sometimes failed to close, 
and subsequent attempts at operative closure 
were necessary. Infections commonly occur in 
incisions made for closure, since some degree 
of contamination by the contents of the bowel 
at the time of the closure cannot be avoided 
and since secondary incisions made within a 
few months thereafter through the scar of a 
previous incision are less resistant to infection 
than are primary incisions. Furthermore, when 
fecal drainage occurs, there is extensive and 
persistent contamination, and such drainage is 
not unusual. 


From the Division of Surgery of the Mayo Clinic, Rochester, 
Minnesota. 


ANTECEDENT INVESTIGATIONS 


About 2 years ago, in an attempt to better 
our results, particularly in respect to the de- 
velopment of subcutaneous abscesses and fe- 
cal fistulas, we adopted the method of delayed 
closure recently advocated by Coller and Valk 
for the management of contaminated incisions. 
These authors reported that the method, known 
at that time as “delayed primary suture,” was 
first employed extensively and its worth proved 
by French surgeons in 1918. It was found to 
be so well suited to military needs, and the re- 
sults which followed its use were so superior to 
those which followed primary suture of contam- 
inated war wounds, that it was soon adopted 
by surgeons in the British and American forces. 
Since the time of the war of 1914-1918, the 
method has been widely used for the manage- 
ment of contaminated lacerations (3). 

The terms “delayed closure” and “delayed 
primary suture”’ mean essentially that the in- 
cision is packed open for a time before it is 
closed. Pool thought that the distinction be- 
tween “delayed primary suture” and “‘second- 
ary suture” was a matter of tissue repair rather 
than of time. A “delayed primary suture”’ is 
one in which the edges can be approximated 
and will unite without the excision of tissue, 
whereas secondary suture is one in which the 
epidermis has grown inward and must be ex- 
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cised for proper union. The distinction, ac- 
cording to Hepburn, was based on the appear- 
ance of granulations in the wound, and the 
time for delayed primary suture usually was 
considered to be any time before the appear- 
ance in the wound of granulations visible to 
the naked eye. Hepburn proposed, however, 
that the term be restricted to use in those cases 
in which suture is undertaken at the time the 
original packing is removed. The best results 
were found to follow those closures done with- 
in 50 hours after the original operation. 

It is not entirely clear why delay of closure 
of acontaminated incision should result in fewer 
infected incisions. At the time the method was 
first used, it was assumed that heavily contam- 
inated wounds were not suitable for suture; as 
a result, after débridement, smears and cul- 
tures were made and the wounds were packed 
open pending receipt of reports from these ex- 
aminations. If a large number of organisms of 
any type were present, or if hemolytic strepto- 
cocci were present, the incisions were not con- 
sidered to be suitable for suture and were treated 
by some other method. As experience in- 
creased, however, it became evident that knowl- 
edge of the type or types of organisms present 
in the wound, as judged by the results of smear 
and culture, could not be relied on as a basis 
for prediction as to the success or failure of the 
delayed suture. Meanwhile, it had become ap- 
parent that incisions which had been packed 
open did far better than those that had been 
sutured primarily. Coller and Valk cultured 
material obtained from ten wounds contami- 
nated by discharges from the lower bowel. In 
each case there was a preponderance of the 
Escherichia coli, with fewer of the Staphylo- 
coccus aureus and anhemolytic streptococci. 
Material from the same wounds was cultured 
again after the wounds had been packed open 
for 24 hours. Result of culture was in all cases 
positive, and the types of organisms found re- 
mained the same. Coller and Valk concluded 
that such a method of packing did not have a 
bactericidal effect. 

Such evidence suggests that packing of a 
wound open for a period before closure is ef- 
fected leads to certain changes in the wound 
which in turn produce an environment less fa- 
vorable for the persistence of organisms known 


to be present. On the basis of our own obser- 
vations, we believe that packing of a wound 
open for a period, until the surfaces of the 
wound are relatively dry, prevents to a large 
extent the collection of serum or blood in the 
wound. Such collections in already contami- 
nated wounds will almost certainly lead to in- 
fection of the wound. In this connection, we 
may say that Hepburn noted that war wounds 
that had been packed open in anticipation of 
delayed primary suture did poorly if a blood 
clot had collected beneath the pack. Apart 
from this, the usual explanation (1, 2, 6) for 
the better results which follow delayed closure 
is that after coagulation has occurred on the 
fresh surface of the wound, the open mouths 
of sectioned lymphatic and blood vessels are 
plugged and rapid absorption of bacteria can- 
not occur. DuMortier was able to demonstrate 
experimentally that with the passage of time, 
sutured incisions became increasingly resist- 
ant to infection and that when infections did 
occur they were less extensive. He made in- 
cisions through the skin, subcutaneous tissues 
and muscular layer of the abdominal walls of 
guinea-pigs and swabbed gently, after varying 
intervals of time, the sutured incisions with a 
fresh virulent culture of what he called the 
“Staphylococcus aureus hemolyticus.” He 
found that there was a well defined period of 
about 6 hours during which resistance of the 
tissue to bacterial invasion was minimal. Dur- 
ing this period the bacteria caused not only 
local suppuration, but also invaded the sur- 
rounding tissues and initiated spreading infec- 
tions. When, on the other hand, the bacteria 
were swabbed on the sutured incisions 12 hours 
after operations, most of the incisions became 
infected, but the infections remained localized. 
From this time (that is, 12 hours) onward, the 
percentage and severity of infections steadily 
decreased until, 5 days after operation, it was 
no longer possible to infect the wounds by 
swabbing on the cultures. 

The optimal interval at which the wound 
should be packed open is not known with cer- 
tainty. On the basis of experience in the treat- 
ment of war wounds, the best results follow 
closure carried out within 50 hours of the oper- 
ation. Coller and Valk believed that there is 
little to be gained by delay of closure for more 
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Fig. 1. a, Incision made in the skin through the scar of 
the original incision made in performance of colostomy: the 
incision is carried around the opening in the bowel, so that 
a small margin of skin remains; b, technique of dissection of 
bowel from the body wall. The cuff of scar tissue and skin 
around the opening in the colon is partially excised. 

Fig. 2. a, The opening in the colon is closed, and the 
fascial layer is partially closed; complete closure of this 


than 24 hours. We have waited 48 hours, how- 
ever, before closure of incisions in the belief 
that after such an interval the patient will 
have had time to recover somewhat from the 
operation and that surfaces of the wound ap- 
pear drier at end of 48 hours than at end of 24. 


TECHNIQUE 


The technique of our present method of clo- 
sure of colonic stomas differs from our former 
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Fig. 2. 





layer above the bowel restores the strength of the body 
wall; b, the fascia is closed completely above the bowel; 
silkworm gut sutures are in place. 

Fig. 3. a, The iodoform gauze pack is in place, holding 
the skin and subcutaneous tissues open, and the ends of the 
silkworm gut sutures are held in a hemostat; b, appearance 
of final closure after the pack has been removed and the 
silkworm gut sutures have been tied. 


method of closure only in the treatment of the 
skin and subcutaneous tissues. It should be 
emphasized that before closure is attempted 
there must be adequate room to permit the 
bowel to be closed without encroaching on its 
lumen, and that the spur must have been ade- 
quately destroyed. An incision which is suffi- 
ciently long to provide adequate exposure is 
made through the scar of the former incision 
and is carried around the opening in the bowel. 
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TABLE I. — COMPARISON: RESULTS AFTER DE- 
LAYED AND PRIMARY CLOSURE OF INCISIONS 
MADE AT CLOSURE OF COLONIC STOMAS 

Type of closure 


Cases Primary Delayed 
Without fecal drainage.............. 29 33 
With fecal drainage (spontaneous). ... . 17 7 
With fecal drainage (closure around 
RNR Rare UN eee eee are I 7 
I ee ina. ne Hail wl Srelts a omidia 47 47 
eer errr reer cee i It 


*One failure due possibly to inadequately destroyed spur 
{Due clearly to inadequately destroyed spur 


The bowel is freed up from the body wall and 
the fascia is cleaned of fat and scar tissue suffi- 
ciently to provide a definite layer which subse- 
quently can be approximated to restore the 
strength of the body wall. Generally, this can 
be done without making an opening into the 
peritoneal cavity, but, if a small opening is 
made inadvertently through the peritoneum, 
little harm will be done, since it can be closed 
promptly before opportunity for soiling arises. 
The skin and scar tissue around the opening in 
the bowel are excised (Fig. 1, a and b). The 
opening in the bowel is closed transversely to 
the long axis of the bowel with two rows of 
continuous surgical gut sutures (Fig. 2, a and 
b). The previously freed-up muscular and fas- 
cial layer is approximated above the sutured 
bowel with interrupted surgical gut sutures. 
Silkworm gut sutures are then placed as is 
shown in Figure 2, b. A generous “bite’’ is 
taken through the skin on one edge of the 
wound, the needle is reversed to pick up the 
fascia and is then continued in the original 
direction through the skin of the other edge 
of the wound. Usually, three such sutures are 
sufficient. The skin and subcutaneous tissues 
are packed open widely with iodoform gauze, 
and silkworm gut sutures are held loosely in a 
hemostat (Fig. 3,a). The woundisthen dressed. 
As a rule, dressings do not need to be changed 
before they are removed for closure of the 
wound. After 48 hours, the packing is removed 
and the previously placed silkworm gut sutures 
are tied sufficiently tightly to approximate the 
edges of the skin (Fig. 3, b). Some degree of 
edema of the edges of the incision will have oc- 
curred by this time, and in our first few cases, 
after the edema had subsided, approximation 
of the edges of the wound was poor because 


the silkworm gut sutures had been tied too 
loosely. This was easily corrected in subse- 
quent closures. 

After this method of delayed closure had been 
employed successfully for several months, it 
was thought that local use of one of the sul- 
fonamide drugs might help in freeing the wound 
of some of the contaminating organisms. At 
first 5 grams of sulfanilamide was placed in the 
wound just before the packing, but more re- 
cently the same amount of sulfathiazole has 
been used. We have not observed any differ- 
ence in the healing of the wounds regardless of 
whether a sulfonamide drug was or was not 
used, but we are continuing to use it on theo- 
retic grounds. 


RESULTS 


To evaluate our results obtained after the 
described change of technique, records con- 
cerning the last 47 primary closures and the 
first 47 delayed closures carried out on the 
same service by one of us (Pemberton) were 
reviewed. The operations in each group rep- 
resented a consecutive series, but only typical 
operations of each type were included. Early 
in the investigation it became evident that the 
only significant differences between the two 
types of closure, in so far as healing is con- 
cerned, appeared in cases of fecal drainage. In 
cases in which there was no fecal drainage, both 
types of wounds healed solidly, and the time of 
healing, as judged by the duration of drainage, 
was the same. Twenty-nine primary closures 
in which there was no fecal drainage were en- 
tirely healed after an average time of 20.3 days 
and 33 comparable delayed closures were healed 
after an average time of 20.5 days (Table I). 
Fluid which drained from the wounds in which 
delayed closure was carried out was serous, and 
came from the small regions of granulation tis- 
sue whichresulted from the comparatively loose 
closure employed, as previously described. 
Fluid which drained in the cases in which pri- 
mary closure was carried out originated from 
the site of the drain itself, and usually became 
seropurulent before complete healing occurred. 

Spontaneous fecal drainage and primary clo- 
sure. Spontaneous fecal drainage was far more 
likely to occur after primary closure than after 
delayed closure, and extensive infections were 
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the rule after primary closure when this par- 
ticular complication developed. Of the 46 pri- 
mary closures in which the bowel had been 
closed completely at the primary operation, 
spontaneous fecal drainage developed in 17. 
For the most part, the incisions became exten- 
sively undermined by abscesses containing pus 
and feces. Multiple drainage points appeared 
along the thinned-out sutured incision, and it 
was necessary in some cases to open the inci- 
sion somewhat to provide for more adequate 
drainage. Fever and malaise developed in some 
patients, and prolonged hospitalization with 
much local treatment in the form of hot com- 
presses and irrigations was required. In 10 of 
the 17 cases of fecal drainage, drainage finally 
stopped after an average interval of 30.4 days. 
In 7 of this same group of 17 cases fecal drain- 
age did not stop, and, when the infection finally 
subsided, a fecal fistula remained that required 
subsequent operative closure. In only one case 
was failure of the closure possibly due to an 
inadequately destroyed spur. Of considerable 
importance in this connection is the fact that 
after such extensive infections, the amount of 
scar tissue in the body wall is increased and 
subsequent attempts at closure are more diffi- 
cult technically and more likely to fail. 
Spontaneous fecal drainage and delayed clo- 
sure. As compared to the 17 cases of sponta- 
neous fecal drainage, included among the afore- 
mentioned 46 cases of primary closure in which 
the bowel had been closed completely at the 
primary operation, there were only 7 cases of 
spontaneous fecal drainage in the group of 40 
cases of delayed closure in which the bowel 
was closed completely. The incisions in the 
latter cases differed markedly from those in 
the group in which primary closure had been 
done, in that undermining was rarely seen (1 
case only) and there were no extensive ab- 
scesses. The edges of the incision remained 
firm, and fecal and purulent material usually 
came from a single region. Generally, there 
was no fever or malaise, and the patients were 
able to leave the hospital after a shorter inter- 
val. The only local treatment necessary was 
maintenance of cleanliness in the region by the 
use of irrigations and by changes of dressing. 
Fecal drainage and closure about a clamp. It 
is possible, occasionally, to apply a crushing 
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clamp to destroy completely a small spur at 
the time closure is done. In such cases the 
clamp is left protruding from the incision, and 
the opening in the bowel cannot be closed com- 
pletely. Fecal drainage occurs along the shank 
of the clamp, and in such cases persistent 
fecal contamination is present in the incision 
from the time of the operation onward. Our 
rather distressing experience with such closures 
around a clamp when the wound had been 
closed primarily led us to employ this method 
only rarely. In only 1 case in the last 47 cases in 
which primary closure was carried out was true 
primary closure around a clamp attempted. 
The incision healed satisfactorily after 28 days. 
Healing after delayed closure in cases in which 
spontaneous fecal drainage occurred was so sat- 
isfactory that more closures around a clamp 
were attempted, and in the series of 47 cases of 
delayed closure, closure around a clamp was 
done seven times. Healing of these incisions 
did not differ from the healing of those inci- 
sions in which spontaneous fecal drainage de- 
veloped. In 11 of the 14 cases in which de- 
layed closure was carried out and in which fe- 
cal drainage occurred, both spontaneously and 
after closure around a clamp, healing of the 
incision was complete after an average time of 
26.3 days. Twoincisions were still draining after 
31 and 45 days, respectively, but both fecal 
fistulas which were present ultimately closed 
without need for additional surgical treatment. 
In only 1 of the 47 cases in which delayed clo- 
sure was employed did the wound fail to‘heal, 
and it was in this case that a persistent fecal 
fistula remained. Subsequently, the fistula was 
explored surgically, and the failure was found 
to be due clearly to a large remaining spur. A 
crushing clamp was applied to this spur and 
the mucosa was freed up from the skin. Spon- 
taneous closure ultimately resulted. 


CONCLUSIONS 


The incision remaining in the body wall after 
closure of a colonic stoma generally is contam- 
inated by bacteria from the open bowel. De- 
layed closure of such incisions is definitely su- 
perior to primary closure of them. When de- 
layed closure is employed, the incisions become 
infected less frequently and the infections are 
less extensive and require less treatment than 
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when primary closure is carried out. Fewer 
spontaneous fecal fistulas occur, and there is 
less chance for closure to fail when delayed 
closure is used than when primary closure is 
used. Closure around clamps can be attempted 
with greater chance of success when closure of 
the incision is delayed than is possible when 
closure is primary. Our satisfactory experi- 
ence with delayed closure of colonic stomas is 
in accord with the experience of others in the 


management of other types of contaminated 


wounds. 
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PANLARYNGECTOMY FOR ADVANCED CARCINOMA 
OF THE LARYNX 


ALEXANDER BRUNSCHWIG, M.D., F.A.C.S , Chicago, Illinois 


ATIENTS with advanced extrinsic 

laryngeal cancer present a distressing 

situation for which there is practically 

no hope for cure and for which conserv- 
tive palliative procedures are usually of little 
avail. Pain is an outstanding complaint, diffi- 
culty with respiration is more or less constant 
unless there is a tracheotomy tube in place, 
and the sanguinopurulent discharges add to 
the general discomfort. 

In a series of 5 patients with advanced ex- 
trinsic laryngeal carcinoma in which irradia- 
tion therapy had been carried out but failed to 
control the growth, the writer performed a 
radical surgical excision encompassing the 
gross limits of the tumor. While ‘‘cure”’ was 
not anticipated, the clinical course in the lim- 
ited series was such as to have justified the 
performance of this operation as a palliative 
measure, there having been no clinical or 
roentgenological evidence of metastases be- 
yond the cervical region at operation. 


TECHNIQUE OF OPERATION 


Operationisnotattemptedif the tumor-mass- 
larynx is “frozen” to the vertebral column. 
Avertin, avertin and local anesthesia, or 
avertin and local and intratracheal ether anes- 
thesia are the types of anesthesia used (the 


From the Department of Surgery of the University of Chicago. 


anesthetist scrubbing up with the operative 
team). 

1. A T-incision is made with the horizontal 
segment just above and parallel to the hyoid 
bone (Fig. 1). 

2. The skin and platysma flaps are elevated 
to the right and left. 

3. The trachea below the isthmus of the 
thyroid gland is isolated and transected; the 
lower opened segment is brought into the 
lower angle of the wound and the tracheotomy 
tube is inserted. If the latter has been in- 
serted previously the transection of the tra- 
chea is carried out above the tracheotomy 
site. A gauze plug is inserted into the upper 
segment of the transected trachea to prevent 
constant dripping of the secretions. 

4. The infrahyoid group of muscles in the 
lower neck is transected. 

5. First on one side the cervical chain of 
nodes are dissected en masse upward. One or 
the other jugular vein if closely associated 
with involved nodes is doubly ligated and 
transected in the lower neck, the upper seg- 
ment being retracted upward. If metastatic 
nodes are likewise adherent to the common 
carotid artery, the latter may also be doubly 
ligated and transected low in the neck. Prior 
to this step a rubber covered clamp is applied 
to the common carotid in the base of the neck, 
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Fig. 1. Schematic illustration of panlaryngectomy. The strap muscles are transected low in the neck; both 
bellies of the digastrics are cut; the submaxillary glands and nodes are dissected free en masse and reflected down- 
ward and toward the midline; the mylohyoid muscle is cut through into the pharynx. When a jugular vein and 
adherent carcinomatous nodes are to be excised with the larynx and attached muscles, the vein is transected low 
in the neck and as high in the neck as possible. To obtain a block excision, the sternomastoid is also freed by 
transection near its insertion and near its origin, and removed en masse with the other structures excised. The 
trachea is divided below the isthmus of the thyroid and the lower end is brought up to level of skin. The upper 
half of the thyroid, or the upper portions of both poles, adherent to the trachea is removed. At the completion of 
the operation the trachea is sutured to the skin with interrupted silk sutures; small rubber drains are inserted into 
each extremity of the horizontal portion of the incision, and stab wounds may also be made in the lower por- 


tions of the neck on each side for drainage. 


and pulse, blood pressure, and respirations are 
observed for 1o minutes. If there are signifi- 
cant disturbances of the latter, the clamp is 
removed, and the common carotid artery 
must be left im situ. When the jugular vein or 
carotid or both are to be removed, resection of 
the sternomastoid muscle on that side is like- 
wise indicated (Fig. 4). 

6. If necessary the upper poles, or upper 
half of the thyroid gland, is freed from the 
lower portions and elevated with the tumor 
mass to be resected. 

7. The tumor-mass-larynx is then freed by 
wide sharp dissection upward to the upper 
portions of the neck. The submaxillary glands 
and adjacent lymph nodes are freed first in 
the lateral portions of the submaxillary tri- 
angles in such a manner that they will be ele- 
vated medially and excised en masse with the 
larynx. The tissues in the submaxillary tri- 





angles should not be excised as separate 
masses. 

8. A transverse incision is then made 
through the muscles about 1 or 2 centimeters 
above the hyoid bone. This incision is carried 
through the base of the tongue into the 
pharynx. 

9. The tumor-mass-larynx is then freed by 
widely cutting away the larynx from the 
hypopharynx. This may or may not entail 
removal of the epiglottis. 

There remains only a strip of hypopharyn- 
geal and upper cervical esophageal mucosa 
posteriorly. This varies from 1.5 to 2.5 centi- 
meters in width depending upon the extent of 
laryngeal resection. 

10. The hypopharyngeal and upper cervical 
esophageal mucosa are sutured as a tube over 
a Levine tube inserted through the nose into 
the esophagus by interrupted catgut sutures. 
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Fig. 4. 

Fig. 2. Case 1, No. 206882. Photograph of cervical 
region 40 months after panlaryngectomy showing large 
tracheotomy opening, and sulcus due to absence of most of 
soft tissues in midportion of neck. The patient is normally 
active 4 years after operation and presents no evidence of 
recurrences. A tracheotomy tube is not worn. He has 
gained 50 pounds in weight since operation. 

Fig. 3. Case 1, No. 206882. Bisected surgical specimen 
removed by panlaryngectomy showing, 7, large squamous 
cell carcinoma of larynx fungating anteriorly through skin 
of neck producing large sinus, S. Epiglottis, Z, transected 
trachea, R. 

Fig. 4. Case 4, No. 243693. Surgical specimen removed 
by panlaryngectomy: 7, carcinoma of larynx; E, epiglottis; 
SM, right submaxillary gland and lymph nodes; C VN, 
right chain of cervical lymph nodes with metastatic carci- 
noma; L M, left sternomastoid muscle; J V, left internal 


Soft rubber drains are inserted into each side 
of the large defects which are present in the 
neck. 

11. The transected lower segment of tra- 
chea is attached to the skin by interrupted 
silk sutures and a tracheotomy tube is inserted 
in the usual manner. 


Fig. 5. Fig. 6. 


jugular vein surrounded by adherent metastatic cervical 
lymph nodes. 

Fig. 5. Case 4, No. 243693. Appearance of patient 1 
week after operation. Secondary hemorrhage several hours 
after operation necessitated separation of wound and pack- 
ing it with gauze. R, tracheotomy opening; L, nasal tube 
in esophagus, the anterior wall of which has been resected; 
bullous edema of esophagus is apparent. 

Fig. 6. Case 4, No. 243693. Appearance of neck 8 
months after operation showing large sinus the posterior 
wall of which is composed of hypopharyngeal and esophag- 
eal mucosa. The tracheotomy is seen in the lower angle of 
the wound and the patient did not wear a tube most of the 
time. He nourished himself by insertion of a Levine tube 
into the sinus at intervals. He was ambulatory and wore a 
small piece of gauze over the anterior neck when going 
outside. 


Postoperative course. Secondary infection 
invariably results in a partial or wide reopen- 
ing of the wound (Fig. 5). However, the pain 
and distress present before operation are alle- 
viated and if survival obtains the patients are 
comfortable and are much more content for a 
period than they were prior to the operation. 
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TABLE I.—SUMMARY OF 5 CASES 


























Patient 
Age History Present status Operation Postoperative course 
Case No. 
I. W. M. o| Carcinoma of larynx demon- Extensive firm indura- | Panlaryngectomy Satisfactory convalescence. Partial separation 
55 yr. strated by biopsy, October, tion palpable about 4-10-39 with excision of wound but subsequent healing. Patient 
(206882) 1938—neoplasm involving larynx with sinus in of skin on anterior gained 50 pounds in weight since operation and 
left cord and quite large. midline from which aspect of neck to in- has been doing physical labor. Satisfactory nu- 
History of hoarseness for 2 neoplastic granulations| clude sinus. Epiglot- trition by mouth with liquid and semisolid 
years. X-ray therapy 4300r| protrude tis removed (Fig. 3) foods. Survival since operation: 4 years. No 
surface dose in air,“October— evidence of neoplasm (Fig. 1) 
November, 1938. Immedi- 
ate improvement. Abscess 
developed in neck over 
larynx, February, 1939, 
drained. Sinus persisted, 
hoarseness aggravated 
Il. T. L. @ | Carcinoma, base of epiglottis | Marked woody indura- Panlaryngectomy, left Postoperative course satisfactory. Operative 
47 yr. diagnosed by biopsy 8-8-38. tion about larynx. jugular vein an wound partially separated but by end of 36th 
(71533) X-ray therapy August- Carcinomatous mass sternomastoid also day postoperative could dea! himself by 
September, 1938, 6655 r to ae larynx, resected. Epiglottis mouth with soft and liquid | food. On 40th day 
two portals. Improvement. hypopharynx and in- removed in toto with while walking down hall in hospital sudden 
Recurrence with 2275 1 x- filtrating surrounding larynx massive fatal hemorrhage occurred. Necropsy 
ray 4) 1939. Tracheot-| tissues revealed this to have come from area in upper 
omy, November, 1939 left common carotid artery invaded by tumor 
III. A. M. oc} Resection of “papilloma” of Large perilaryngeal Panlaryngectomy in- Relieved of severe pain. Partial separation of 
63 yr vocal cord and tracheotomy tumor mass. Trache- cluding resection of operative wound. Gained 14 pounds in 
(230785) 9-19-39. X-ray therapy otomy tube in place. epiglottis 4-29-40. weight from September to December, 1940. 
Dec., 1930, to Jan., 1940, Severe pain in larynx. Convalescence com- Neoplasm recurred in margins of wound. 
gioor Dysphasia plicated by broncho- These were fulgurated to retard growth. By 
pneumonia April, 1941, cervical tumor mass had become 
quite large but there was no pain. Died at 
home April 20, 1941. No necropsy. Survived 
operation 1 year 
IV. A. Y. @ | X-ray therapy to larynx (dose | Tumor mass involving | Panlaryngectomy 6-25-| Hemorrhage into upper portion of operative 
57 yr. unknown in September, 1939)! larynx and palpable 40 including resection wound on second day necessitated its opening 
(243693) Some pain in larynx and firm enlarged cervical of epiglottis and left and packing with gauze. Subsequent con- 
some dysphagia. Progressive} lymph nodes, bilateral | jugular vein valescence satisfactory. Evidence of local re- 
increase in hoarseness currences November, 1940. Excision of local 
recurrences on several occasions. Plastic 
closure of defect in neck by skin flap from 
shoulder. Radium implantations about in- 
dividual recurrent masses resulted in their 
temporary shrinkage. Recurrences finally out 
of control and patient died of hemorrhage 
1-2-42 from large infected neoplastic mass in 
neck. He had survived 19 months following 
the operation 
V. D. S. @ | Biopsy of lesion in larynx Firm swelling palpable | Panlaryngectomy Convalescence satisfactory. Wound separation. 
50 yr. 10-22-35 revealed carci- about larynx. Fungat-| 11-13-41. Jugular Patient fairly comforta’ le and previous pain 
(138709) noma. X-ray therapy Octo- ing tumor mass re- veins not resected relieved. Small nodules of recurrent carci- 





ber-November, 1935, to 
larynx, total dose 4240 r. 
This was followed by 
regression of lesion. Hoarse- 
ness did not improve. 
Tracheotomy in July, 1941, 
because of acute respiratory 
difficulty. Developed tia- 
cheoesophageal fistula neces- | 
sitating gastrostomy 11-1~41) 





placing larynx. Meta- 
static nodes _palpa- 
ble in both upper 
cervical regions. 
Intense pain in neck 
radiating to head 








noma in margins of wound observed January 
4, 1942. These and subsequent recurrences 
excised. Period of weight gain December, 
1941, to February, 1942. Frequent small hem- 
orrhages March and April, 1942. Died 
May 19, 1942, from massive hemorrhage. 
Necropsy not performed. Survived operation 
6 months 





Although a large esophageal sinus and trache- 
otomy may be present in the neck, the pa- 


tients learn to tube-feed themselves, 


are 


ambulatory, and learn to get along quite well 
wearing a relatively small gauze dressing over 
the anterior aspect of the neck. Frequently 
the tracheotomy tube is dispensed with 


(Fig. 6). 


The question of speech does not present a 
serious problem since speech can hardly be 
recognized to exist prior to the operation in 
view of the extensive lesion present. 


The cases in which the procedure was per- 
formed are briefly summarized in Table I. In 
each instance the patient appeared quite ill 
prior to operation. All 5 patients subjected to 
panlaryngectomy experienced a period of in- 
creased comfort after operation and there 
were no immediate postoperative deaths. In 
Case 1, patient lived 48 months (is still clini- 
cally well, neck healed, normally active); in 
Case 2, patient lived 36 days and died from 
sudden massive hemorrhage; in Case 3 pa- 
tient lived 12 months; in Case 4, 19 months, 
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and in Case 5, 6 months; these latter 3 all 


died with recurrence. 

Nutrition. Because of the wide resection of 
the anterior wall of the cervical esophagus 
tube feedings are necessary. Levine tubes are 
passed into the esophagus through the nose or 
directly into the esophageal sinus in the neck. 
Maintenance or even gain in weight was pos- 
sible by suitable “‘tube diets.” In Case 1 
complete closure of the neck wound was pos- 
sible. In Case 5 there was also a gastrostomy 
and while it might appear that a patient with 
both a tracheotomy and gastrostomy might 
represent an individual who ‘‘may just as 
well be dead,” his existence during most of the 
postoperative period was far more comfortable 
than it was prior to operation when he had a 
very painful laryngeal neoplasm and tracheo- 
esophageal fistula. During most of the period 
of survival he was ambulatory and even did 
light physical work at times. In this connec- 
tion the question of prolongation of life in 
patients with advanced carcinoma presents 
itself. It is the surgeon’s duty to employ, 
with judgment, all measures which may pro- 


long life in patients with advanced carcinoma 
provided it may be reasonably expected that 
the added period of existence will be spent in 
greater comfort than that prior to the opera- 
tion and that the patient will not be made to 
lead a purely ‘“‘vegetative” existence. An- 
other justification for attempting resection of 
“inoperable” carcinomas in patients in whom 
there is no evidence of distant spread is the 
fact that it is not very uncommon to observe 
unusually prolonged survivals with comfort 
in patients who have had malignant neo- 
plasms resected but in whom conditions were 
such at the time of operation that the surgeon 
had every reason to be very pessimistic as to 
the subsequent duration of life. 


SUMMARY 


Panlaryngectomy was performed to re- 
move advanced extrinsic carcinoma of the 
larynx in 5 patients who had previously re- 
ceived x-ray therapy which had not eradicated 
the neoplasm. The palliative results observed 
justify the procedure carried out in this group 
of patients. 
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THE EFFECT OF SECTIONING VARIOUS AUTONOMIC 
NERVES UPON THE RATE OF EMPTYING OF THE 
BILIARY TRACT IN THE CAT 


FRANK E. JOHNSON, M.S, and EDWARD A. BOYDEN, Ph.D. (Med.Sc.), Minneapolis, Minn. 


OTWITHSTANDING the inten- 
sified interest and the great prog- 
ress made in the field of biliary 
physiology during the last two dec- 

ades, the 1925 dictum of A. J. Carlson still 


- stands: “As regards the extrinsic nerve control 


of the contraction of the gall bladder and the 
musculature of the bile passages, and particu- 
larly the sphincter of Oddi, there are few 
fields in experimental physiology in which so 
much serious work has been done with so few 
conclusive results.”’ 

In partial explanation of this situation it 
may be noted that only comparatively re- 
cently has it been realized that the mechanism 
of evacuation may be primarily hormonal; so 
that the problem is not whether nerves cause 
or prevent emptying but to what degree, and 
how the autonomic nervous system modifies 
the activity of the biliary tract. Second, there 
is a surprising paucity of detailed information 
about the nerve supply of the biliary tract. 
Third, the experiments have been mostly 
acute experiments, “‘frighting Nature out of 
her usual byas”’ (to quote Robert Hooke), and 
thus not permitting analysis of natural func- 
tions under conditions approaching those to be 
found in the intact animal. 

In the attempt to meet some of these de- 
ficiencies, Schulze and Boyden (1943) investi- 
gated the innervation of the biliary tract in 
the cat, an animal in which reflex inhibition 
of the gall bladder can be induced by faradic 
stimulation of the gut from stomach to cecum 
(Birch and Boyden, 1930). By employing a 
modification of the Wharton-Siehler tech- 
nique of stretching a given nerve field on a 
flat surface, staining it im toto with Ehrlich’s 
hematoxylin, decolorizing it, and dissecting 


From the Department of Anatomy, University of Minnesota. 

Prepared for presentation before the Forum on Fundamental 
Surgical Problems, 1942 Clinical Congress of the American Col- 
lege of Surgeons, which was cancelled because of the war. 


the nerves in glycerine with the aid of a bin- 
ocular microscope, two independent pathways 
to the choledochoduodenal junction were dis- 
covered—a gastroduodenal plexus, lying be- 
tween the artery of that name and the com- 
mon bile duct, and a discrete gastroduodenal 
nerve which descends from the hepatic plexus 
a little to the left of the gastroduodenal ar- 
tery (Fig. 1). It was the finding of this nerve, 
whose components could be traced to the 
right vagus and both celiac ganglia, that sug- 
gested to the senior author the possibility of 
interrupting the pathways to the choledocho- 
duodenal junction and of ascertaining how 
this affected the rate of emptying of the bili- 
ary tract in the unanesthetized and postopera- 
tively recovered animal. 


EXPERIMENTAL AND OPERATIVE PROCEDURES 


The first experiments were designed to in- 
terrupt the specific pathways to the chole- 
dochoduodenal junction—namely, the gastro- 
duodenal nerve and plexus. 

A cat, which had had no food for at least 
12 hours previous to the operation, was 
brought to surgical anesthesia with ether and 
the body cavity was then entered through a 
midventral incision. The stomach was re- 
tracted inferiorly to expose the lesser omen- 
tum. The omental bursa was entered by 
passing through the gastrohepatic ligament. 
Then the hepatic artery was picked up in the 
right gastropancreatic fold and the gastro- 
duodenal nerve located just caudad to the 
hepatic artery (Fig. 1). The nerve was fol- 
lowed to the right as far as the origin of the 
gastroduodenal artery to be certain that it had 
received all its components. At this point in 
its course, as it lay just to the left of the gas- 
troduodenal artery, it was severed or doubly 
ligated. A complicating factor here was found 
to be a large and quite constant lymph node 
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(one of the hepatic chain) situated in the 
angle formed by the hepatic and gastroduode- 
nal arteries. This node lay superficial to the 
gastroduodenal nerve, often completely con- 
cealing it, and had to be reflected. Next the 
tissue to the right of the gastroduodenal 
artery was isolated down to the portal vein, 
and the anterior surface of this vein was 
stripped clean of loose connective tissue and 
nerve plexus. The posterior and medial wall 
of the common bile duct at the level of the 
origin of the gastroduodenal artery were also 
stripped, care being taken not to traumatize 
the common bile duct. Two ligatures were 
passed through the opening thus made and 
tied tightly, so that the gastroduodenal ar- 
tery and its surrounding gastroduodenal 
plexus were doubly ligated. In view of the 
thinness of the supporting tissues, this pro- 
cedure was considered to be adequate to pre- 
vent impulses from passing to the choledocho- 
duodenal junction over these specific nerves. 
Incidentally, ligation of the artery did not 
produce any visible deterioration in the duo- 
denum. This was also the experience of 
Bergh (personal communication) who found 
that any two of the arteries to the stomach 
could be ligated without producing gangrene. 

In the second set of experiments the dorsal 
(s. right) vagus nerve was severed at the point 
where it emerges from the diaphragm with the 
primary object of interrupting its main con- 
tribution to the gastroduodenal nerve. Inci- 
dentally, this also eliminated fibers supplying 
the gall bladder and stomach. Subsequently, 
in other cats, as a control experiment, the 
ventral (s. left) vagus was severed at the same 
level, the right vagus being left intact. 

In the third series of operations, the thora- 
columbar autonomic supply to the biliary 
duct system was eliminated. For this proce- 
dure, medium-sized to small cats were found 
to be the most suitable. The body cavity was 
again entered through a midventral incision. 
The greater and lesser splanchnic nerves were 
picked up and sectioned in their course from 
the diaphragm to the celiac ganglia. On the 
left side the ganglion lies just median to the 
left adrenal gland and spread upon the supe- 
rior mesenteric and celiac arteries near their 
origin from the aorta. On the right side the 


ganglion usually lies deep to the upper pole of 
the right adrenal gland. 

In variations of this procedure, in which the 
lumbar sympathetic trunk or lumbar roots of 
the celiac ganglion were picked up as they lay 
in the crevice between the crura of the dia- 
phragm and the psoas muscles, it was found 
advisable to tear the parietal peritoneum and 
renal fascia above the kidney and to retract 
this organ inferiorly, in order to make the 
operative field adequate. Also, to expose the 
desired nerves (especially the lumbar roots of 
the celiac ganglia) for sectioning, it was usu- 
ally necessary to doubly ligate and sever the 
large adrenolumbar vein. The right side pre- 
sented the most difficulty for two reasons: 
first, the right celiac ganglion was often con- 
cealed by the adrenal gland or the inferior 
vena cava, or by mesenteries running to the 
vein from the liver; second, the attachment of 
the caudate process of the liver so near to the 
ganglion made it virtually impossible to ex- 
pose this nerve without traumatizing the liver. 
However, the resulting hemorrhage was read- 
ily stopped by packing. 

In other experiments, nerves were sectioned 
in various combinations to be described later. 

After the nerves had been severed in each 
animal, an insulated electrode previously pre- 
pared according to the method of Birch and 
Boyden (1930), was sewed to the greater 
curvature of the cecum. This consisted of the 
divided ends of two enamelled wires enclosed 
and tied into a small-gauge, flexible rubber 
tube. (Note silhouette of wires in Fig. 2.) At 
the end containing the electrode, the tube had 
been split lengthwise for a short distance and 
its upper half discarded. At the time of opera- 
tion, the other half, in which the electrode 
rested, was inverted and sewed by its edges to 
the cecum. The undivided end of the tube was 
then brought out through the laparotomy 
wound, the wires connected to an induction 
coil, and the apparatus tested on the operating 
table. Closing of the circuit produced a ring- 
shaped spasm of the cecum at the level of the 
electrode. 

The last step consisted of rendering the gall 
bladder opaque to the x-ray. According to the 
method of Whitaker (1926), an avascular spot 
on the fundus was perforated with a surgical 
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Fig. 1. Diagram of the innervation of the biliary tract in the cat (after Schulze and 
Boyden, 1943). In the region of the bile duct the structures have been drawn as if 
somewhat spread apart, in order to display them better. 


needle, the bile milked from the gall bladder, 
and the latter filled to its original size with 
lipiodol—an iodized vegetable oil. 

The body cavity was then closed and the 
rubber tube with its contained wires led to the 
outside through the incision. By means of 
this arrangement, it was possible to stimulate 
the cecum in the unanesthetized animal some 
15 hours after operation and to see how sec- 
tion of various nerves affected the reflex from 
gut tract to gall bladder and whether this 
involved the sphincter. 

Immediately after the operation, two roent- 
genograms were taken to determine the condi- 
tion of the gall bladder. The next morning, 
12 to 16 hours after the operation, when the 
cat had fully recovered and was moving about, 
another picture was taken to make certain 
that the gall bladder had not emptied during 
the night. The cats were then fed a meal of 
two egg-yolks and milk by gavage. Strangely, 
this meal usually soothed and pacified the cats 


so that soon after being placed on the x-ray 
table and petted, they began to purr. 

Immediately after the meal, pictures were 
taken at short intervals to determine when the 
gall bladder came into tonus and when it first 
started to empty. When it was established 
that the column of lipiodol had reached the 
cystic duct a picture was taken, then a faradic 
current (with induction coil set at 4 cm.) was 
sent into the cecum for 10 seconds. Forty-five 
seconds after the first picture a second was 
taken. Then another current was sent in and 
45 seconds after the second current, or a min- 
ute and a half after the first, a third picture 
was taken. These were then studied to deter- 
mine the presence or absence of the inhibitory 
reflex. 

As a control experiment, the wound and 
skin of the belly wall of the same cats in 
which the inhibitory reflex had been demon- 
strated, were pinched with forceps, or faradi- 
cally stimulated, and x-ray pictures were 
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TABLE I.—NORMAL RATE OF EMPTYING OF GALL BLADDER IN 12 CATS 
sa : ; Rate of evacuation of gall bladder (min. after food) 
Cat ae ene Oil ote: a. duct 
¥% empty, min. % empty, min. Empty, min. ( 
A — Group 1 ’ 
18 4- 6— 4o-+- 44— 44 ‘ 
ar o— o— 13* 23— 90 é 
20 47 4 11* 18 93 
16 13—- 13 19* 23 I5t 
24 ot = 20* 48* 212 1 
II 3 25 35* 48— 48+ _ ] 
28 2— 2—- 28 58 251+ 
Av. 6)35(6’ — 6)59(10" — 7)166(24’ 7)262(37' — 7)889(127'+ ] 
B — Group 2 é 
27 ans 27 75 131 322+ ' 
9 36 7° 234 317 464 s 
14 _ _— 132* 202 512+ q 
15 6— 30— 140* 184 519 Ss 
17 8 14 or 156* 521 I 
Av. 3)50(17 4)141(37 5)672(134’ 5)990(198 5)2338(468 i 
35 50 166 262 889 r 
Av. (A & B) 9)85(0’ 10)200(20’ 12)838(70" 12)1252(104’ 12)3227(269' r 
Data reconstructed from tables and figures of DuBois and Hunt, 1932. 
*Estimated by interpolation. C 
q 
taken at the same time intervals as before normal rate of emptying of the gall bladder in e 
(viz., Fig. 2, second row), thus to eliminate mammals other than man is that supplied by 
the possibility that certain results could be DuBois and Hunt (1932) for the cat and the C. 
explained on the basis of a cutaneovisceral re- opossum. This was obtained by opening the t 
flex or that the change in shape of the gall body cavity, expressing the bile through a n 
bladder had been due to mechanical pressure small aperture in the fundus, and refilling the c 
caused by the struggling of the animal in re- gall bladder with an iodized oil opaque to the j 
sponse to pain. Also, the induction coil was x-ray. Some 12 to 15 hours later, when the t 
buzzed for 2 seconds without sending the cur- animals were in apparently good condition— g 
rent to the cecum to determine the presence walking around and purring—they were fed n 
of a conditioned reflex. (by gavage) a standard meal of three to four g 
When the gall bladder was empty or nearly egg-yolks and 30 to 50 cubic centimeters of L 
so, the cat was sacrificed,an autopsy wasdone, cream; then x-rayed at frequent intervals un- 0 
and drawings were made to record exactly til the gall bladder was completely empty. a 
which nerves had been cut and which remained. In addition to tables, the authors published a 
Records were kept of the emptying time of a series of silhouettes of each gall bladder. A 
the gall bladder and compared with the data_ By using these figures, a table has been recon- a 
of DuBois and Hunt (1932) who established structed which supplies additional informa- d 
the rate of evacuation of the gall bladder in tion and makes possible a direct comparison al 
normal cats following a meal of egg-yolk. with the data presented in this thesis. a 
A study of Table I emphasizes the findings tl 
CSSERVATIONS of DuBois and Hunt, namely, that the 12 cats m 
1. The normal rate of emptying in the cat. fell into two series: A, a group of 7 in which gi 
The only adequate information regarding the the gall bladder emptied approximately two- m 
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thirds of its contents in an average of less than 
40 minutes after eating; and B, a group of 5 
animals in which the principal period of dis- 
charge was spread over a period of some 3 
hours, in such a way that the two-thirds mark 
was not reached until an average time had 
elapsed of over 198 minutes after food. No 
experimental analysis of these variations was 
attempted, but the present experiments sug- 
gest that in addition to the varying reaction of 
the animals to the shock of operation, the 
varying balance of sympathetic and parasym- 
pathetic control may have been a factor. 

In comparing these figures with the data 
presented in this thesis, the average figures for 
all 12 animals of DuBois and Hunt have been 
used. 

In concluding this section, it should be 
stated that the relative size of the gall bladder 
at different intervals was estimated by in- 
spection of roentgenograms, according to sim- 
ple rules based on the ratio of areas to volumes 
in the large series of human cholecystograms 
made by the senior author. While this 
method would not be sufficiently accurate to 
detect small differences, it has seemed ade- 
quate to reveal any gross differences in rate of 
emptying following excision of nerves. 

2. Effect of eliminating specific nerves to the 
choledochoduodenal junction. As here outlined, 
the attempt was first made to eliminate all 
nerve fibers in the hepatoduodenal ligament 
converging upon the choledochoduodenal 
junction. But in 3 of the 11 cats in which 
the gall bladder reacted to food, although the 
gastroduodenal plexus was cut, the nerve was 
missed. In these 3 animals, therefore, the 
gastroduodenal nerve continued to function. 
Under these conditions the rate of emptying 
of the gall bladder seemed to compare favor- 
ably with the control data given by DuBois 
and Hunt (1932) for cats with intact nerves. 
As noted in Table II, A (cf. Fig. 2, row 1), the 
average time that elapsed before the gall blad- 
ders began to exhibit tonus was 6 minutes 
after food (controls, 9 minutes: Table I); the 
average time required for iodized oil to enter 
the cystic duct was 23 minutes (controls, 20 
minutes); and the time required to empty the 
gall bladder was 275 minutes (controls, 269 
minutes). 


But when the gastroduodenal nerve was 
eliminated in addition to the fibers of the 
plexus, then a very different picture was pre- 
sented—namely a marked retardation in rate 
of emptying (see averages for 8 animals in 
Table II, B and compare with Fig. 3, row 1). 
In fact the time required for emptying half or 
two-thirds of the contents of the gall bladder, 
was almost doubled from an average of 71 and 
119, respectively (Table II, A) to an average 
of 165 and 232 minutes (Table II, B). While 
the number of animals in the first group is 
small, there is little overlapping of volumes, 
most of those for the second group being 
higher than comparable ones in the first 
group. 

These observations, therefore, indicate that 
the gastroduodenal nerve carries fibers which 
lower the resistance at the biliary outlet. Fur- 
ther evidence that such fibers do not pass by 
way of the gastroduodenal plexus is that in 
animals 8, 9, and 12 of Table II, B, some 
fibers of the plexus escaped the ligatures, yet 
emptying of the gall bladder in these 3 was 
nevertheless retarded. The practical applica- 
tion to be made from these experiments is that 
severance of nerves to the choledochoduode- 
nal junction in human patients should not be 
expected to lower the resistance to the flow of 
bile but rather to increase it.! 

Turning now to the experiments on faradic 
stimulation of the cecum, it is clear that sev- 
erance or ligation of the gastroduodenal nerve 
or plexus, or both, failed to affect or to abolish 
the inhibitory reflex from cecum to gall blad- 


1The first attempt to relieve the pain of biliary dyskinesia in man by 
sectioning nerves in the hepatoduodenal ligament was performed by 
Reich (1940) in a patient that was being choledochostomized. Ten days 
after operation the intraductal pressure was found to be 85 millimeters of 
saline—4o millimeters less than the pressure obtained before operation. 
Injection of a quarter gram of morphine then caused a precipitate rise in 

ressure to 220 millimeters. Because this was not maintained for several 

ours, as in patients with an “intact sphincter,” the author concluded 
that the 85 millimeter level represented a residual pressure due to the 
tone of the duodenum and that excision of the nerve, in this instance, 
had relieved spasm of the sphincter. 

Until this single experiment has been verified, there are several a priori 
objections to it. First the average level of intraductal pressure in 24 
choledochostomized patients was found by Bergh and Layne (1942) to 
be 120 millimeters of saline and to range from 110 to 240 millimeters. 
In another article of the same.date Bergh showed that after egg-yolk the 
average fall in resistance was 70 millimeters, and that in one instance a 
spastic sphincter was lowered on 450 to 110 millimeters in 30 minutes. 
Therefore it would not seem that Reich’s drop of 40 millimeters in 10 
days is significant. Second, there is no evidence that severance of auton- 
omic nerves affects the reaction of smooth muscle to morphine. Third, 
there is little known about the nervous pathways to the sphincter of 
Oddi in man, owing to the almost insuperable obstacle offered by the 

ancreas, so that in merely sectioning a nerve running horizontally be- 

ind the hepatic artery and approaching the bile duct just where it passes 
behind the duodenum there is no assurance that at this high level Reich 
may not have cut a nerve to the duodenum or pancreas. 
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TABLE II.—EFFECT OF CUTTING NERVES TO CHOLEDOCHODUODENAL JUNCTION 
- ‘ Rate of eeeeuntion of pas 
ime o ses . Minutes after 
;__| , Initial tonus Oi) enters Reflex— 
Cat Rancgee 2 in gall bladder | cystic duct ~ inhibition of 
operation min. min. % empty 34 empty 3% empty Empty gall bladder 
min. min. min. min. 
A. Gastroduodenal plexus cut or doubly ligated—Gastroduodenal nerve intact 
I 13 | ° | 6 60 118 152 | 255 not 
tested 
6 16 5 | 49 —_ _ 178 | 288 
7 15 | 7 | 15 82* 120 | 175 (7%) 282 +-++ - 
Average 2)12(6’ 3)70(23' 2)142(71’ 2)238(1190' | 3)505(168" 3)825(275" 
B. Gastroduodenal nerve and plexus cut or doubly ligated 
| 
2 16 | 34 | 43 117(%) 380 | _ | _ ae 
3 15 36 62 (none at 87’) not tested — — 
362 not 
a tested 
4 16 17 | 28 154 = | —_ 378(%2) 
5 16 28 182+ 336(%) = } — 336(%) 5 
8t 14 16 | 73 140 227 | _ 428 +-4 
ot 13 56 | 7ot — _ | ie 411(1/10) ean 
12t 16 5 47 120 149 — 291 +4 
r4t 16 19 47 125(%4) 173 409 — oak ae 
Average | 8)2xx(26"_ | __8)568(71’ 6)992(165’ 4)929(232’ 4)1492(373' 
*Fig. 2. 


tFig. 3. F 
tA few fibers of the gastroduodenal plexus were missed. 


+-Plus signs in last column indicate degree of relaxation. 


Fractions in parentheses indicate nearest available reading, e.g., ‘‘('4)” after a figure in the “!4 empty” column shows that only a third of the gall 


bladder had been evacuated. 


der. In all of the 7 animals in which it was 
tried (see last column, Table IT), the emptying 
of the gall bladder was stopped. The last 2 
pictures in row 1, and the first in row 2, 
Figure 2, show how the column of oil in the 
cystic duct had dropped back within 45 sec- 
onds after the current had produced a spasm 
of the cecum, and how the gall bladder con- 
tinued to relax after the second current was 
sent in. The middle 3 pictures of the second 
row show control experiments on the same 
animal and demonstrate that pinching the 
skin with forceps to produce the same amount 
of pain as spasm of the gut, did not diminish 
the tonus of the gall bladder, although a sub- 
sequent current lowered the tonus (last pic- 
tures in Fig. 2). These roentgenograms were 
taken of an animal (cat 7) in which the gas- 
troduodenal plexus had been eliminated but 
not the nerve of that name. Those in Figure 3 
are from a cat in which the gastroduodenal 
nerve was severed but not all the fibers of the 


gastroduodenal plexus (cat 9, cf. Table II, B). 
Here it can be seen (last 3 pictures of first 
row) that the current produced marked dila- 
tion of the gall bladder, whereas after pinch- 
ing (first 3 pictures, second row) the phase of 
emptying, apparently just started, was not: 
inhibited. Subsequently, induced spasm of 
the cecum caused marked fall in gall bladder 
tonus (last three pictures, second row). 

These experiments would seem to prove, 
therefore, that stoppage of flow of bile from 
the gall bladder, as a result of visceral pain, is 
not dependent upon sphincter action and is 
not necessarily initiated by it, since the gall 
bladder can be inhibited in the absence of 
nerves to the choledochoduodenal junction. 
Conversely, Bergh (1942) has shown that in 
cholecystectomized patients, ingestion of egg- 
yolk will lower the initial resistance of the 
sphincter by an average of 7 centimeters of 
water. So it is apparent that both gall blad- 
der and sphincter can work independently of 
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each other; i.e., there is no obligatory recipro- 
cal mechanism.! 
3. Effect of eliminating right or left vagus 


nerves. Since anatomically the dorsal (s. 
right) vagus seemed to contribute the only 
vagal component to the gastroduodenal nerve 
(inset, Fig. 1) and since severance of the lat- 
ter retarded the flow of bile, it was next 
deemed advisable to study the effect of sever- 
ing the right vagus nerve above the point 
where it divides into celiac and gastric divi- 
sions. The results of these experiments are 
shown in Table III, A and Figure 4. 

In 6 animals the average time required for 
iodized oil to enter the cystic duct was 95 
minutes (as against 20 for the controls and 71 
for animals with a severed gastroduodenal 
nerve). To empty half the contents of the gall 
bladder, 219 minutes were required (as against 
70 for the controls and 165 for the animals in 
which the gastroduodenal pathway had been 
cut). Analyzing the figures in another way, it 
appears that in 5 of these animals (last col- 
umn, Table III, A), the gall bladders were in 
continuous contraction for an average period 
of 3 hours, yet in that time less than half the 
contents as expelled. But in the 12 controls, 
continuous contraction emptied two-thirds of 
the contents of the gall bladder in half that 
time (89.5 minutes, as computed from the 
figures and table of DuBois and Hunt). 

From these observations it is apparent that 
when the right vagus is cut, there is not only 
an increased resistance to the flow of bile at 
the sphincter, but also decreased contractile 
force applied by the gall bladder, for the rate 
of emptying is much slower when the right 
vagus is cut than when merely the gastroduo- 
denal nerve is eliminated. 


! DuBois and Kistler (1933) in an ingenious study of the biliary tract 
in guinea pigs found that when the extraduodenal! ampulla of the bile 
duct as well as certain poorly defined cords of the lesser omentum poste- 
rior to the common bile duct were stimulated faradically, contractions of 
the = bladder could be recorded (by means of a heart lever attached to 
the fundus of the gal] bladder). Also that severance of the common duct 
prevented the stimulation of the ampulla from causing contraction of the 
gall bladder, but that the latter responded to excitation of the hepatic end 
of the cut bile duct and of the vagi. From these experiments they con- 
cluded that in the guinea pig there is a direct nerve connection between 
the ampulla and the gall bladder. In the light of our work on the nerves 
of this region it is suggested that in stimulating the omentum, DuBois 
and Kistler may have been stimulating efferent branches of the left vagus 
(lesser curvature nerve) on their way to the gall bladder, “—< that in 
stimulating the hepatic end of the cut bile duct they may have been 
stimulating afferent fibers of the gastroduodenal plexus adjacent to the 
bile duct (cf. Fig. 1). Since the guinea pig has this highly specialized 
pumping apparatus, perhaps sensory nerves from the contractile am- 
pulla play a réle in regulating the activity of the gall bladder in this 
species. 
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This inference is substantiated by supple- 
mentary experiments in which the ventral 
(s. left) vagus was cut subdiaphragmatically — 
a nerve which sends no components to the 
gastroduodenal nerve (Fig. 1). In three such 
experiments (Table III, B) it was observed 
that it took an average of 152 minutes to 
empty half the contents of the gall bladder as 
against 219 minutes when the right vagus was 
cut, but that still the figure was much greater 
than the time required in the control animals 
(7o minutes, Table I). 

The conclusions to be drawn from the above 
experiments are two: (1), that both vagi aug- 
ment the power of contraction of the gall 
bladder; (2), that in addition, the right vagus, 
through its celiac division, sends inhibitory 
fibers to the sphincteric mechanism.’ 

4. Effect of eliminating the splanchnic path- 
ways. When all the splanchnic roots to right 
and left celiac ganglia were cut (7 animals: 
Tables IV, A and A’, and Figure 5) the in- 
hibitory reflex was abolished and the rate of 
emptying of the gall bladder was approxi- 
mately that of the controls, i.e., half of the 
contents were emptied in an average of 86 as 
compared to 70 minutes, two-thirds emptied 
in 117 as compared to 104 minutes, and most 
of the contents in 238 as compared to 269 
minutes (cf. Table I). The time required for 
initial tonus and for the oil to enter the cystic 
duct was somewhat greater, although pic- 
tures were not taken at sufficiently short inter- 
vals to secure accurate data. But when one 
considers the much greater shock to which 
these animals were subjected (for even under 
light anesthesia the animals jump when these 
nerves are cut) and the fact that the inhibiting 
reflex from cecum to gall bladder was abol- 
ished when the sympathetic pathway was 
interrupted (removal of which inhibition 

2 Although it has long been maintained that the vagi cause contraction 
of the gall bladder, it has only recently been verified by y eps enone 
methods (Sabussow and Ssuslikow, 1937). Forty-eight hours after sec- 
tion of the vagi in the dog, these authors removed the gall bladder, 
stained it with the Bielschowsky-Gros method and found a degeneration 
of the pericellular apparatus which embraces the ganglion cells lying ex- 
ternal to the muscular tunic of the vesicle. From t ‘this they concluded 
that the vagus is motor to the gall bladder. They also observed that when 
both the vagi and the celiac ganglia were eliminated, the histological 
preparations of the gal] bladder wall still retained some undegenerated 
postganglionic fibers. These were interpreted as bei poctennenens to 
the intramural ganglia of the gall bladder, i.e., they ed to the in- 
trinsic nerve net. In this connection it should be recalled that when the 
biliary tract is stripped of all extrinsic nerves the gall bladder still emp- 
ties in response to the hormones released by egg-yolk (Whitaker, 1926) 


although its rate of emptying, under such conditions, has never been 
determined. 
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TABLE III.—EFFECT OF CUTTING VAGI AT ESOPHAGEAL HIATUS 



















































































Time Rate of evacuation of gall bladder . 
of — Initial tonus Oil enters _ _ Reflex spent oo 
Cat = » eet in gall bladder | cystic duct inhibition of coatraction*® 
opera- aes soe 1% empty 34 empty % empty Empty gall bladder min. 
tion min. min. min. min. 
A. Right vagus (and its celiac division) 
oo | me | 44— | 122 | 216 (%) — | 401 — | ++ 
3s | 10 | so—t | 6r— | 177+ —- | = 360(%4) | ++ 205 (61-266) 
37. «| ~— 20 48— root 281 326 = as ++ 181 (100-281) 
38 | 19 | 80§ 196 324 _ | _ = so 128 (196-324) 
30 | 1 | 29— 37— 192 (54) - | - 347 (44) ++ 185 (37-222) 
40 18 25 ss+ 126 (2/5) 155 | 188 218 (5/6) ie 199 (55-254) 
Average 6)276( 40’ 6)s571(95" 6)1316(210' 5)898(180" 
B. Left vagus 
| 
41 | 18 | 22 78 192— | 225 | 225 284 (%) | ate 114 (78-192) 
Go | ss | I5— 22 129— | 338 (4) 
2 | 2 | 9 45 | 135 152 221 |  280(34) + 90 (45-135) 
Average | _ |_3)46(15’ 3)n4s(48’_ | _3)456(152' | | |_3)902(30r’ | |_2)204(102" 





*During which gall bladder discharged continuously, yet failed to empty more than half its contents. 


Fig. 4. ; 
tEmptying for 226 min. (100-326). 
§Relaxes at 136 (emptying for at least 128’ (196-324)). 


should increase the rate of emptying) it is 
probable that the slight reduction in the time 
required to nearly empty the gall bladder in 
this group of 7 animals should be interpreted 
asa slight acceleration of the rate of evacua- 
tion of the biliary tract. 

This is confirmed by the second group of 7 
animals (Table IV, B and B’). In these cats 
some of the fibers of the splanchnic pathway 
escaped section—either by way of the first 
and second lumbar roots of the celiac ganglia 
(B, Table IV) or in other types of experimen- 
tation (B’) when a few of the anterior branches 
of the celiac ganglia escaped. In such animals 
the inhibitory reflex from cecum to gall blad- 
der was not abolished and emptying was re- 
tarded; i.e., when some of the fibers of the 
splanchnic pathway remained it took an aver- 
age of 117 instead of 86 minutes to empty half 
the contents of the gall bladder, and 179 in- 
stead of 117 minutes to empty two-thirds of it. 
The difference is even more impressive if the 
comparison is restricted to the 5 animals in 
Table IV, B. There the corresponding figures 
would be 132 to 86, and 212 to 117. (In the 
2 animals recorded under B’, in Table IV, 


only a few fibers escaped section, but these 
were enough to preserve the reflex. 

The inferences to be drawn from these 
experiments are as follows. If section of the 
splanchnics may be considered to have some- 
what accelerated emptying, the new rate 
must have been due to the fact that the opera- 
tion abolished the inhibitory reflex from the 
cecum to the gall bladder. The possibility 
remains, of course, that the splanchnics also 
maintained the tone of the sphincter and that 
when they were cut, the resistance was low- 
ered and the rate of flow was thereby acceler- 
ated. However, since the acceleration was so 
slight and since section of the gastroduodenal 
nerve (through which the splanchnic fibers 
would pass) markedly retarded emptying, it 
is believed that some other agency than the 
sympathetic maintains the tone of the sphinc- 
ter during fasting. It is suggested that this 
agency is local, perhaps the intrinsic nerve net 


1 Sabusson and Ssuslikow have given us a neurohistological picture of 
what happens in the gall bladder of the dog when both celiac ganglia are 
extirpated. When the wall is stained for nervous elements; degenerating 
bundles of myelinated nerves (afferent fibers ?) and degenerating termi- 
nal syncytia passing to the muscle fibers are found, but there is no degen- 
eration of the pericellular apparatus around the ganglion cells. The 
authors interpret this to mean that a 4-"¢ nerve fibers from the 
celiac plexus degenerate as far as the tissues in which they terminate. 
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TABLE IV.—EFFECT OF CUTTING SYMPATHETIC COMPONENTS 





EFFECT NERVE SECTION ON EMPTYING BILE TRACT 407 























































































































— - oan a a 
Time Rate of evacuation of gall bladder (min. after food) 
— Initial tonusin| Oil enters i . |. ; 
Cat ieeatiek gall bladder—} cystic duct Heant a Pain 
opera- min. after food min. % empty % empty x% empty 4 y gall bladder 
tion aes _— —- nearly empty 
A. All splanchnic roots to celiac ganglia cut (symp. trunks intact) 
23 13 a $= 21 | 36 62 | 104 | _ _ 
2 12 3+ 45+ 105 123 197— ‘| 252(%) | _ _ 
28 15 | 22— 33—-t 56+ got 120 (4/5) 200 (5/6) | = Lins 
34 12 | 38— 38 72 ost 118 268 (74) _ — 
33* 13 | s4— 34 123 133 215 (5/6) 275 — + 
A’. All splanchnic roots to celiac ganglion cut, plus lumbar symp. trunks 
27 16 ° 7t | 52 120 155 206 (7) — — 
26§ 10 17 118 | 175 226 291 360 (5/6) — os 
Average 7)119(17’ 7)240(34’ 7)604(86’ 7)823(117’ | 7)1158(166' 7)665(238’ 
B. Both major splanchnics cut (lesser and least splanchnics intact) 
| 
18 19 | I- | 22—- | 83 162 | 215 293 (9/10) ste 
20 15 | 20— | s8— | 98 163 163(%) | ++4+4 
22 14 | 89—- | 108— =| 151 (14) 187 204+ 204(%) | ++ 
31 2 | 23 40— 142(1/ro) 300 300 (34) | 300(3%) | + 
| 
32 10 | 4o— | 64 | 185 (1/5) 25ot | — | 308 (5/6) + 
B’. Fibers of major splanchnics incompletely cut 
t9l| 18 | 19— 35+ 66 Sot a | 58+ | as 
| | | 
204 s | 12— 47— 93 114t 142 187 (9/r0)| + } 
Average 7)210(30’ 7)374(54' 7)818(117’ | 7)1256(179' | 7)1613(230" | 

















*Except root from Li and L2 sympathetic ganglion (Fig. 6). 


ig. 5. 

Spe by interpolation. 
Left lumbar sympathetic intact. 

||Left major splanchnic intact. 


Anterior branches of celiac ganglia (leading to celiac artery) cut; some fibers escaped. 


which surrounds the lower biliary passages 
(see figures by Schulze and Boyden, 1943). 
Indeed, it seems more reasonable to assume 
that in the long intervals of fasting the 
sphincter is kept closed by a local mechanism 
than by the intervention of extrinsic nerves. 

Apparently, also, the sympathetic excita- 
tion of the gall bladder is much weaker than 
the vagal, since the retardation caused by 
severing the vagus is much greater than the 
acceleration obtained by severing the splanch- 
nics. In this connection it should be recalled 
that inhibition of the human gall bladder can- 
not be induced by faradic stimulation of the 
stomach and duodenum, as in cats (Boyden 
and Rigler, 1934). Also it is possible that in 


man the vagus has lost its power to release the 
sphincter since its resistance is not lowered by 
neuromimetic drugs (Bergh, 2) and that this 
is accomplished only by antispasmodics and 
such hormone-producing substances as egg- 
yolk and magnesium sulfate (cf. Boyden, 
Bergh, and Layne, 1943). 

5. Pathways of pain and of reflexes to the 
gall bladder from the cecum. Of special interest 
are certain incidental findings recorded in 
Table IV. First, in order to abolish reflexes 
from the cecum to the gall bladder it is neces- 
sary to cut both the major and the minor 
splanchnic nerves (i.e., to cut down to and 
include the rootlets of the first lumbar gan- 
glion). Owing to variations it is probably 
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RIGHT 
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Th. xi , eae L-2 L-3 











Fig. 6. Drawings made at autopsy of cat 33 (cf. Table IV, A). On both sides 
the greater, a, and lesser, 6, splanchnics had been severed but not the least, c, 
splanchnic nerves. On the left side the celiac ganglion had also been bisected. 
Since, in this animal the inhibitory reflex to the gall bladder from the cecum had 
been abolished by section of nerves, it must have traversed the greater and lesser 
splanchnics. (The interrupted portion of this course is indicated by dotted lines). 
But pain following spastic contraction of the cecum, was not abolished, as when 
all splanchnics were severed (see other animals recorded in Table IV, A and A’); 
therefore pain impulses must have traversed the superior mesenteric plexus and 
least splanchnic nerves to have reached the lumbar segments of the spinal cord. 





safer to cut the least splanchnics, also. But in 
order to abolish pain from the cecum it is nec- 
essary to cut all splanchnic roots as far down 
as the second lumbar sympathetic ganglion, 
i.e., not only the greater and lesser, but also 
the least splanchnic nerve. Evidence for this 
is shown in Figure 6 comprising drawings 
made at autopsy of Cat 33. In this figure the 
left plexus is drawn from the left side with the 
cat lying on its right flank; that of the right 
plexus, from the right side with the cat rolled 
over onto its left flank. On both sides the 
major, a, and minor, b, splanchnics have been 
cut, but the least, c, escaped. Under these 
conditions the inhibitory reflex was abolished 
but the pain still persisted. This suggests that 
the pain impulses reached the spinal cord 
through the superior mesenteric plexus, the 


least splanchnic nerve, and the ramus com- 
municans of the second lumbar. 

Second, these findings are contrary to the 
observations of Kuntz and Van Buskirk, who 
reported that complete decentralization of the 
celiac ganglia of the cat, following bilateral 
section of splanchnic and vagus nerves, does 
not abolish another type of inhibition of the 
biliary system, namely, secretion of bile dur- 
ing fasting. This inhibitory reflex is elicited by 
distention of the ileum and colon (Goldman 
and Ivy, 1939) or by faradic stimulation of the 
inferior mesenteric plexus. From such experi- 
ments Kuntz has inferred that reflexes may 
pass from the large bowel to the biliary tract 
without entering the spinal cord or traversing 
the splanchnic nerves; i.e., that such reflexes 
are mediated by the celiac ganglion. In view 
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Fig. 7. Diagram summarizing the effects of sectioning various autonomic nerves 
(cf. summary in Table V). Area A, gastroduodenal plexus; B, gastroduodenal nerve. 


of our difficulties in securing all the filaments, 
one wonders if the persistence of the reflex, as 
described by Kuntz, may not have been due 
to the failure of the operator to intercept all 
splanchnic nerves. 


SUMMARY AND CONCLUSIONS 


The effects of cutting or otherwise eliminat- 
ing certain nervous pathways to the biliary 
tract in 34 cats are represented graphically in 
Figure 7 and assembled in Table V. They 
may be summarized as follows. 

Severance of the gastroduodenal plexus to 
the choledochoduodenal junction does not 


affect the rate of emptying of the bile passages 
after ingestion of food nor abolish the inhibi- 
tory reflex to the gall bladder from the cecum. 
Presumably this plexus consists of afferent 
and vasomotor fibers. 

Severance of the gastroduodenal nerve which 
innervates the same junction, markedly re- 
tards emptying. These observations raise se- 
rious doubt as to the efficacy of severing the 
nerves in the hepatoduodenal ligament of man 
as a means of treating a spastic sphincter, as 
recommended by Reich (1940). 

Severance of the right vagus (and its celiac 
division) produces even greater retardation of 
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flow, from which it is inferred that the right 
vagus not only sends parasympathetic inhibi- 
tory fibers to the sphincter region via the gas- 
troduodenal nerve, but also motor fibers to the 
gall bladder via the hepatic plexus. The lat- 
ter inference is substantiated by the fact that 
severance of the left vagus (which does not 
send fibers to the choledochoduodenal junc- 
tion) also retards the emptying of the gall 
bladder, but to a lesser degree. 

Severance of the splanchnic roots of the 
celiac ganglia as far down as the second lum- 
bar nerve abolishes the inhibitory reflex from 
cecum to gall bladder, thereby somewhat ac- 
celerating the emptying of the gall bladder. 
Since cutting the nerve to the sphincter (gas- 
troduodenal nerve) does not accelerate the 
flow but retards it, presumably this nerve 
does not convey sympathetic fibers charged 
with maintaining the tone of the sphincter. 
It is suggested, therefore, that during fasting 
the biliary outlet is kept closed through the 
action of a local mechanism, perhaps the in- 
trinsic nerve net, and that after meals the 
tonic contraction of the sphincter is overcome 
by the right vagus and by hormones being 
formed in the intestinal mucosa. Since, in 
human patients the neuromimetic drugs have 
so little effect upon a spastic sphincter, it is 
possible that in man the vagus has lost its 
power to release the sphincter and that this is 
accomplished only by antispasmodics and 
hormone-producing substances. 

These experiments also indicate that in the 
cat there is no obligatory reciprocal relation- 
ship between gall bladder and sphincter, since 
each responds to appropriate stimuli when the 
nerve to the other is cut. The vagus aug- 


ments the tone of the gall bladder and inhibits 
contraction of the sphincter (thereby acceler- 
ating the flow of bile); the sympathetic exerts 
a temporary inhibiting effect on contraction of 
the gall bladder—a function that is appar- 
ently absent in man—thereby retarding the 
flow of bile from a viscus that is emptying un- 
der the influence of hormones and emanations 
from the vagus. 

Pain impulses from faradically induced 
spasms of the cecum enter the spinal cord as 
low as the second lumbar ganglion, having 
traversed the superior mesenteric plexus and 
the least splanchnic nerves. 
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VAGINAL HYSTERECTOMY 


W. C. DANFORTH, M.D., F.A.C.S., Evanston, Illinois 


GENERATION ago many hysterec- 
tomies were done vaginally. The 
gynecologists of the age of Joseph 
Price were skillful vaginal surgeons. 

As the safety of abdominal surgery increased, 
and as the attention of pelvic surgeons became 
fixed upon various phases of lower abdominal 
pathology, the vaginal route was used less fre- 
quently. Today, in some active clinics, the 
operation is carried out infrequently, the mem- 
bers of the attending staff hesitating to at- 
tempt it because of slight experience with it. 
This results in a deficient training of residents 
and internes in an important part of pelvic 
surgery. It also causes many women to be 
deprived of the method of surgical therapy 
which may be best adapted to the correction 
of the condition which they present. It is not 
wise to advocate that all hysterectomies be 
done vaginally, but it seems clear that the 
operation has a definite value and that at least 
some cases may be better managed by vaginal 
approach than by laparotomy. 

Gynecological literature during the past few 
years has contained a number of papers which 
discuss the comparative merits of various 
methods of removing the diseased uterus. In 
many clinics the advantage of removing the 
cervix at the time the uterus is excised is 
stressed and the total abdominal operation is 
more frequently done, especially in well or- 
ganized clinics, than it was some years ago. 
Total removal of the uterus may be accom- 
plished either abdominally or vaginally, and 
the latter mode of attack lends itself very well 
to the treatment of many of the patients upon 
whom hysterectomy must be done. The ad- 
vantages of the operation are not fully appre- 
ciated by some operators, and it is with the 
desire to discuss these that the present report 
is made. . 

In our service, for a number of years, we 
have done an increasing number of total op- 
erations in those cases in which the abdominal 
route was chosen. The increasing use of the 
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total operation followed an experience of sev- 
eral years of work with the vaginal operation. 
As our number of vaginal excisions increased, 
we were struck by the fact that those patients 
whose cervices had been removed, as is the 
case when the uterus is taken out through the 
vagina, did not return to us for treatment of 
discharges from the cervical stump or because 
of bleeding from the same source. One of the 
greatest advantages of the vaginal removal is 
that the cervix is done away with. The danger 
of cancer in the retained stump is not a great 
one, although its existence must be acknowl- 
edged, but the stump may be troublesome as 
a source of leucorrhea, bleeding, and as a focus 
of infection. 

In a series of 1510 hysterectomies of all 
types recently studied in our clinic the vaginal 
operation was carried out in 32.3 per cent. 
This series covers only the past few years 
during which time our technique has not 
varied. We do not believe that vaginal 
hysterectomy should be done in all cases, or 
in too great a proportion of the total number 
of patients operated upon, but we are con- 
vinced that the operation has a very definite 
value. In this report is considered a series of 
517 vaginal hysterectomies. 

In considering the indications for which 
these operations were done we find a number 
of conditions constantly named in the his- 
tories. Frequent among these are leiomyomas, 
prolapse, menorrhagia, retrodisplacement,out- 
let relaxation of greater or less degree, and 
endocervicitis or injuries of the cervix. In a 
very large part of these cases more than one 
of these conditions appear in the statement of 
indications. For example, leiomyoma with 
menorrhagia may be the major reason for de- 
ciding upon operation, but the patient may 
also have an unhealthy cervix and some 
cystocele or rectocele. It is difficult to classify 
the cases exactly according to indication as the 
combinations of conditions vary. Certain 
major reasons appear for the decision to adopt 
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surgical therapy. Among these we find 
leiomyomas of varying size, usually the 
smaller ones. Such tumors were the chief 
reason for operation in 170 cases. Prolapse 
is stated as the reason for operation in 144 
cases. Many of these were extreme cases in 
which the uterus came well outside the in- 
troitus. Some, however, were less marked 
cases of descensus as the records indicate that 
the attending men in the service did not all 
have exactly the same idea as to the degree of 
descensus before the term prolapse should be 
used. Descensus of more moderate degree 
occasioned interference in 112 cases. Bleeding 
was the major indication in 53. In 50 cases 
in women past childbearing, a symptom- 
producing retrodisplacement was the reason 
for operation. 

Nonmalignant bleeding, whether caused by 
small myomas or by dysfunction, is, in many 
cases, efficiently managed by vaginal hysterec- 
tomy. Both of these conditions are found for 
the most part in women who are nearing or 
who have reached the menopause and by far 
the greater number of them have had children. 
In many of them some outlet relaxation exists 
and a considerable number have cervices 
which are not healthy. All of these conditions 
may be remedied by one procedure which has 
the added advantage of preserving the ovaries. 
Irradiation for the relief of nonmalignant 
bleeding in women in the early forties fre- 
quently causes much discomfort because of 
the menopause which appears rapidly as a 
result of the destructive effect of the irradia- 
tion upon the ovaries. The preservation of the 
ovaries permits the menopause to come much 
more gradually, and the woman is far more 
comfortable than when the ovarian function is 
suddenly interrupted. 

Larger myomas may be removed vaginally 
by excising the uterus piecemeal, or by 
morcellation. This is a procedure which de- 
mands a considerable degree of familiarity 
with the technique of the operation and which 
occupies a limited field. It should not be em- 
ployed if an old subsided pelvic inflammation 
is present as the adhesions which this condition 
produces are extremely difficult to deal with 
from below. A simple form of morcellation, 
in cases in which the uterus is not very large 


but in which it is difficult to turn the corpus 
out anteriorly or posteriorly, is the amputa- 
tion of the cervix. This converts the uterus 
from a relatively pear-shaped mass into an 
irregularly round one. The latter can be 
turned out much more easily and with the 
exhibition of far less force. 

In the treatment of marked descensus and 
of prolapse, vaginal hysterectomy finds a 
place of real usefulness. In most of the clinics 
of this country prolapse is managed either by 
the excision of the uterus with interposition 
of the broad ligaments or by some form of the 
Manchester operation. The removal of the 
uterus has been our preference and our ex- 
perience with this procedure has been a very 
satisfactory one. The objection that the 
uterus in many of these cases is normal is of 


‘little weight. In most of these patients it has 


no further function. In the majority, too, the 
cervix is not normal. It is lengthened, thick- 
ened, decubitus ulcers may be present, and 
the cervical canal is unhealthy. In the Man- 
chester type of operation the cervix is usually 
removed. If the entire uterus is excised, not 
only the bases of the broad ligaments may be 
used for support but the upper portion as well 
may be utilized as a support for the bladder. 
In addition, if the uterus is removed the 
posterior herniation may be dealt with by 
uniting the uterosacral ligaments. This we 
have found to be one of the most important 
parts of the operation. The operation is nearly 
extraperitoneal and the patients, who in many 
cases are old women of deficient resistance, 
stand the operation very well. The tax upon 
the strength of the patient is far less than that 
which is caused by a plastic followed by an 
abdominal operation. 

Women with symptom-producing retro- 
displacement of the uterus, past the period of 
childbearing, are often more efficiently man- 
aged by the removal of the uterus than by 
any one of the various retrodisplacement op- 
erations. In patients at this time of life it 
seems more logical to remove the uterus than 
to do a more prolonged procedure which is 
intended to secure it where it belongs. In 
many of these women there are associated 
lesions of the vagina and cervix which may, 
with advantage to the patient, be cared for 
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at the same time. Subtotal hysterectomy has 
been recommended for this condition, but we 
have, in a considerable number of cases, 
chosen to deal with it by vaginal removal of 
the uterus, with vaginal plastic at the same 
time. In many of these cases the removal of 
a cervix which is often not normal is a further 
advantage. Removal of the uterus by any 
method is not advocated for this condition in 
young women. 

Outlet relaxation together with a moderate 
descensus is a common finding in women in 
middle life. Both of these conditions may be 
cured at one time by the vaginal removal of 
the uterus. Small leiomyomas, endocervicitis, 
and menorrhagia are often present. Discom- 
fort caused by sagging or retrocession of the 
uterus is often seen, and these conditions are 
frequently accompanied by outlet relaxation 
and more or less abnormality of the cervix. 
All of these may be corrected by one procedure 
with a minimal risk. The pelvic discomfort in 
many cases is the result of varicose veins of 
the broad ligament and these are done away 
with by the hysterectomy. 


CONTRAINDICATIONS 


Approach from below is contraindicated by 
a number of conditions. When hysterectomy 
is indicated in the presence of extensive 
residues of pelvic inflammatory disease the 
excision is best performed abdominally. The 
adhesions which may be found in these cases 
render the vaginal operation difficult and 
hazardous. Previous pelvic operations may 
be followed by adhesions sufficiently extensive 
to render vaginal work difficult. We have ina 
number of instances removed the uterus from 
below after some procedure for the shortening 
of the round ligaments had been done ab- 
dominally, but the operation has usually been 
difficult. It should not be attempted unless 
the operator has had a considerable experience 
with vaginal surgery. Patients upon whom 
suspension of the uterus to the abdominal wall 
for prolapse has been done are sometimes seen 
with the uterus again protruding. This 
procedure has disappeared from gynecological 
clinics. These patients may be operated upon 
from below, although it is sometimes difficult 
to bring the corpus of the uterus into the 
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vagina until the false ligament which has often 
formed between the abdominal wall and the 
fundus uteri is severed. Access to this may be 
made much easier if an assistant presses down 
upon the lower abdominal wall. Cases in 
which endometriosis is suspected are better 
approached from above as the dense adhesions 
characteristic of this condition are hard to 
manage from below. Ovarian cysts, if not 
adherent, may be punctured and removed 
from below with no great difficulty, but the 
impossibility of being certain as to the exact 
character of the cyst before the abdomen is 
entered makes it wiser to treat them by ab- 
dominal incision. 

We do not recommend the operation for the 
treatment of carcinoma of the uterine corpus. 
A very important early step in the perform- 
ance of hysterectomy for corpus cancer is the 
blocking of the broad ligaments by placing 
straight 8 inch clamps alongside the uterus on 
either side to prevent the pushing out of can- 
cer cells through the lymphatic vessels of the 
broad ligaments. This may be done immedi- 
ately when the approach is made from above. 
When the operation is carried out from below 
the upper part of the broad ligaments is not 
occluded until late in the operation, while in 
the earlier stages the uterus will have been 
subjected to a considerable amount of hand- 
ling. In most of the cases of corpus carcinoma, 
it is technically possible to remove the uterus 
from below, but the impossibility of early 
closure of the broad ligaments interposes a 
serious objection to the employment of the 
operation. 

The technique of the operation used in our 
service has been described in a previous 
publication. The usual vaginal hysterectomy 
done in cases other than prolapse may involve 
only the removal of the uterus, but in most of 
these cases some form of vaginal plastic is 
also done. This may be only a perineal repair 
or an anterior plastic may also be necessary. 
If urinary incontinence exists, it may easily be 
cared for when the hysterectomy is done. The 
adnexa may be inspected through the vaginal 
wound. 

We have continued to employ the operation 
with ligature of all divided tissues, and have 
not been impressed by the clamp method of 
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removing the uterus. This operation, in the 
days of poor suture material and deficient 
asepsis, no doubt played a useful réle. Today 
the completer surgical methods seem more 
satisfactory. 

In the series of 517 vaginal hysterectomies 
here reported, there has been no death. It 
must be conceded that there has been an ele- 
ment of good fortune in attaining so large a 
number without mortality. A well trained 
staff, proper selection of cases, and careful 
technique have played their part, but good 
luck has helped. It is scarcely likely that an- 
other similar number may be done without the 
loss of a single patient. Although mortality 
has been absent, morbidity has not. It is not 
possible to do hysterectomy by any method 
without some morbidity, as a bacteria laden 
area is invaded whatever the type of operation 
chosen. The morbidity is somewhat higher in 
the vaginal operation than in either the total 
or the subtotal abdominal hysterectomy. By 
the standard of the American College of 
Surgeons, that is, a temperature of 100.4 de- 
grees on any 2 days excluding the first, 42.1 
per cent of our cases must be placed in the 
morbid group. In spite of this fact, con- 
valescence has been, as a rule, smooth. The 
hospital stay, in uncomplicated cases, is 11 or 
12 days. Drainage is not used except in the 
cases of prolapse in which the dissection is 
rather wider than when the operation is done 
for other reasons. In cases in which the uterus 
protrudes from the introitus, and the broad 
ligaments are interposed between the bladder 
and anterior vaginal wall with the freed pubo- 
cervical fascia as an additional support, a small 
drain of rubber tissue is placed in the wound at 
the vaginal vault and is removed in 24 hours. 

There were some more serious sequelae. 
Postoperative bleeding occurred in 15 cases. 
In all the cases in which bleeding occurred 
during recovery, it was easily controlled by a 
clamp or suture at the vaginal vault. In no 
case did a notable loss of blood occur. Pelvic 
abscess required opening in 7 cases. A vesical 
injury occurred in 3 cases. In 2 of these, after 
immediate repair, an uneventful convales- 
cence followed. In 1 urinary extravasation 
caused some trouble, but the patient recov- 
ered. In 1 case a small nick in the rectum was 


made while doing a perineal plastic after the 
hysterectomy, but suture was followed by a 
smooth recovery. One old woman, after an 
operation for prolapse, had a cerebral hemor- 
rhage on the roth day, but recovered. 

A common criticism of the operation is that 
it shortens the vagina. This, in our experience, 
has not occurred except in those cases in which 
the operation is done for extreme descensus. 
In these cases the anterior and posterior 
vaginal walls have been everted with the 
uterus and shortening has already taken 
place. In cases in which the uterus is at its 
normal level, or in which descensus is mod- 
erate, a vagina of normal depth may be left. 
When the uterus is totally excised, whether it 
is done abdominally or vaginally, if the vag- 
inal wall is divided close to the cervix there 
will be no shortening or the difference in 
length will be so small that it will not be 
noticed. This has been true in so large a series 
of total hysterectomies by both methods that 
the fact appears to be definitely established. 

Many of the technical difficulties of which 
some operators complain are due to the use of 
improper instruments. Bulky retractors and 
clamps not designed for use in this field take 
up so much of the limited space that work is 
impeded. Narrow curved retractors, fitting 
the bodily curves and occupying but little 
space in the field, are extremely useful. 
Proper clamps with rather shorter jaws than 
those used in the abdomen, and with a gentle 
curve, add to the ease with which hysterec- 
tomies other than those done for prolapse are 
carried out. It is wise to replace each clamp 
with a suture ligature immediately. This 
leaves the operative field free of dangling 
instruments which are in the way and is much 
more efficient from the standpoint of he- 
mostasis. A small laparotomy pad, about 5 
inches square, always with a tape attached, is 
useful after the uterus is out and while the 
remaining clamps are being replaced by su- 
tures. Unmarked gauze should never be 
placed in the vaginal wound. Heavy catgut is 
unnecessary. No. 1 chromic gut is sufficiently 
heavy for the major ligatures and sutures and 
plain No. 1 or No. o for all others. 

In many of our cases cystocele and urethro- 
cele have been dealt with, and in a larger 








’ the 
vy a 
r an 
nor- 


that 
nce, 
hich 
sus. 
-rior 
the 
iken 
t its 
nod- 
left. 
er it 
vag- 
here 
e in 
t be 
aries 
that 
hed. 
hich 
se of 
and 
take 
‘k is 
ting 
ittle 
eful. 
chan 
ntle 
TeC- 
- are 
amp 
This 
ling 
uch 
he- 
me Ss 
d, is 
the 

su- 








number the perineum has been restored. 
When the patient is a nullipara, or if the 
perineum has been previously repaired, a small 
median episiotomy helps by giving greater 
exposure. This can be closed by sutures at the 
close of the operation. 

While vaginal hysterectomy after previous 
pelvic surgery is, as a rule, inadvisable, we 
have, in a number of cases, removed the 
uterus from below after a laparotomy had 
been done. In nearly all these cases the 
previous operation had been for retrodisplace- 
ment or descensus. Vaginal hysterectomy 
after a retrodisplacement operation may be 
quite difficult, especially in the identification 
of the anterior peritoneal fold. In such cases 
the operator may solve the problem and keep 
out of danger by delivering the uterus poste- 
riorly without having opened the anterior 
peritoneal fold, and, after having brought the 
corpus out, pass the finger up behind the 
uterus until the anterior fold is identified. It 
may then be opened without endangering the 
bladder. If the operation is done after a 
previous suspension for descensus a long false 
ligament between the fundus of the uterus 
and the anterior abdominal wall may cause 
some difficulty, although it may usually be 
reached and divided after the broad ligaments 
have been dealt with. In 1 case, because the 
true state of affairs inside the abdomen was 
not realized, the fundus was found firmly ad- 
herent over a considerable area to the anterior 
abdominal wall. The uterus could not be de- 
livered. The fundal attachment was finally 
divided with difficulty, a thin layer of uterine 
tissue being left attached to the wall of the 
abdomen. This description merely indicates 
what may be done, but not what is advisable. 
When in doubt as to the state of affairs within 
the pelvis, it is best to make the attack from 
above. 

One of our staff is studying the effect of the 
insufflation of a mixture of sulfanilamide and 
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sulfathiazole into the vaginal wound as it is 
closed at the end of the operation. This 
mixture is blown into the space between the 
peritoneum and vaginal wall and upon the 
vaginal vault after closure. The result of this 
work will be reported later. The peritoneal 
invasion is limited in its area, and painstaking 
vaginal preparation before operation de- 
creases the likelihood of introducing infection. 
The use of the sulfonamides may still further 
reduce this likelihood. 


SUMMARY AND CONCLUSIONS 


This series includes all cases done during a 
stated period by all the members of the de- 
partment of gynecology and obstetrics of the 
Evanston Hospital, including the younger 
men of less experience. The operation prop-. 
erly carried out appears to be a very safe 
procedure and one which is followed, in most 
cases, by a rather smooth recovery. There is 
a definite morbidity which in nearly all cases 
is not severe. A few patients required atten- 
tion to abscesses or bleeding. None of these 
presented a serious problem. 

The operation has a definite value and 
should find a wider employment than it does. 
It has limitations which should be observed. 
Those who have had limited experience with 
it should select the easier cases for attack from 
below. With adequate experience many pa- 
tients may be dealt with vaginally without 
difficulty. It is not wise to regard this proce- 
dure as one which may be used routinely or 
even in too great a proportion of all cases. 
With proper selection of cases and with an 
adequate technique it is an extremely useful 
addition to operative resources. The pelvic 
surgeon should be sufficiently master of the 
various methods of removing the uterus that 
his choice of procedure may be based wholly 
upon the conditions presented in each case. 
It should not be influenced by lack of familiar- 
ity with any one of the available methods. 














EXPERIMENTAL PRODUCTION OF BRONCHIAL FISTULA 
IN. RATS AND RABBITS 
ALVIN CARLSON, M.D., and W. E. ADAMS, M.D., F.A.C.S., Chicago, Illinois 


HE purpose of this research was to 
provide a means by which carcinogenic 
substances could be applied directly 
to the bronchial mucosa of rabbits 
and rats in an attempt to produce broncho- 
genic carcinoma. Many methods have been 
used in the past to produce lung tumors in 
susceptible animals. Carcinogens have been 
rubbed on the skin (3) and have been injected 
intravenously (5), subcutaneously (2), and 
intratracheally (6). They have been applied 
on threads which have been threaded through 
the chest cavity (2). Susceptible animals 
have been subjected to atmosphere laden with 
dusts (4). The results of these methods were 
largely the production of lung tumors which 
seemed to arise from alveoli and were predomi- 
nantly subpleural in distribution. They con- 
tained few mitoses and showed slight or no 
tendency to metastases. More important, 
they had no relations to the bronchioles and 
were not true bronchogenic tumors. 
It was our thought that if we could produce 
a permanent bronchial fistula in animals which 
were susceptible to induced tumors, we could 
possibly produce a more typical lung tumor by 
repeated application of carcinogenic sub- 
stances directly to the bronchial mucosa. 
Adams and Livingstone in 1931 described a 
method for the production of bronchial fistulas 
in dogs. With several modifications this prin- 
ciple was found applicable to rats and rabbits. 


METHOD IN RATS 


Adult white rats were used in these experi- 
ments and ether anesthesia was administered 
through a loosely fitting face mask. The left 
chest was used routinely because only one 
large lung lobe is present on this side in rats. 
This made the procedure easier, more uniform, 


From the Department of Surgery, The University of Chicago. 

This work has been conducted under a grant from the Douglas 
Smith Foundation for Medical Research of The University of 
Chicago. 


and above all the resulting fistulas were larger 
and easier to keep open. 

At the beginning, a two stage procedure was 
used. The chest wall was opened through the 
left 5th interspace and the lung lobe brought 
out through the incision. Pericostal sutures 
were then placed on either side of the lobe and 
the ribs brought together fairly tightly about 
the exteriorized lung. The muscles and skin 
were then brought together over the lobe thus 
completing the first stage. The second stage 
was performed 5 to 10 days later in order to 
give time for healing and fibrosis to take place 
between the lung tissue and the chest wall. 
The wound was then reopened and the lobe 
cut off a short distance from the chest wall. 
The bronchus was identified by probing and 
a foreign body inserted to keep it open. The 
skin was sutured to the underlying muscles 
and the wound was left wide open. 

The method mentioned of producing bron- 
chial fistulas was found to be unsatisfactory, 
yielding only 25 to 50 per cent desired results 
for the following reasons: There was no way 
to determine accurately the tension on the 
pericostal sutures and they were frequently 
either too tight or too loose. When they were 
too tight the lung tissue would completely 
slough before the second stage; and when they 
were too loose, the lobe would either slip back 
into the chest cavity or marked bleeding would 
take place when the lobe was cut off. This 
bleeding was very troublesome because even 
if we did manage to stop it before the animal 
died, we would frequently have the main 
bronchus also tied off because of its very close 
proximity to the main vessels. 

These problems were solved by performing 
the whole operation in one stage. The lung 
lobe was brought out through the sth inter- 
space and the pericostal sutures were placed 
as mentioned. Then the lobe was immedi- 
ately cut off a short distance from the chest 
wall. No bleeding occurred if the stitches 
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Fig. 1. 


Fig. 1. The lung lobe is exteriorized and the adjacent 
ribs are brought together about the hilus. 
Fig. 2. The exteriorized lung lobe has been cut off and a 


were reasonably tight. The bronchus was 
then identified and a short piece of twine was 
inserted. The wound was then closed about 
the twine and one suture was taken through 
the twine and the skin as a means for keeping 
it immobile. About 5 days later when the 
twine could be removed, a fistulous tract was 
left which was wide open and quite straight. 

Eighteen rats were operated upon by the 
method described. Three died at operation 
apparently from too much ether. Two died of 
tracheal obstruction caused by the twine slip- 
ping inward. Three did not develop fistulas 
because the twine slipped out. Ten rats de- 
veloped large fistulas demonstrable by x-ray 
with iodized oil injection. 

Before we were able to obtain uniformly 
good results two major problems presented 
themselves. The first was to get the animals 
to survive the open pneumothorax. In rat 
operations, speed and dexterity proved to be 
the answer. Immediately after the pleural 
cavity was opened the pericostal sutures were 
placed. The chest wall was kept closed at all 
times by the assistant, except while the lung 
lobe was being brought out. After first few 
operations it was rare to have a rat die on the 
operating board from open pneumothorax. 

The second problem involved the material 
to be used to keep the bronchus open. Rubber 
and metal tubes and cotton and gauze packing 
were tried but none would stay in place long 
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BRONCHIAL 
FISTULA 
’ 


Fig. 2. Fig. 3. 


foreign body has been inserted into the bronchus. 
Fig. 3. A ventral section through the chest of a rabbit 
to show the relations of the trachea, bronchus, and fistula. 


enough to give the superficial tissues time to 
heal. We finally tried ordinary wrapping 
twine (about 10 turns to inch) which solved 
the problem. Because this twine swells when it 
absorbs moisture, it stayed in place and kept 
the bronchus dilated while the wound healed. 


METHOD IN RABBITS 


The principle of the production of bronchial 
fistulas in rabbits was the same as that in the 
rats and only differences in technique will be 
elaborated. 

Rabbits have much less resistance to infec- 
tion than do rats; therefore it was necessary 
to perform operations with more attention to 
sterile technique. In spite of this precaution, 
many rabbits died with a profuse pleural in- 
fection, developed either at or after operation. 

Because rabbit lungs were found to be more 
friable and more difficult to bring out of the 
chest cavity, some method other than speed 
had to be developed to combat the pneumo- 
thorax. A positive pressure ether apparatus 
was devised which proved adequate. The posi- 
tive pressure was not applied until the rabbit 
was deeply anesthetized because otherwise 
laryngeal spasm forced the ether mixture into 
the stomach. With this apparatus we were 
able to keep rabbits alive with open chests 
for as long as 1 hour. 

Specially made brass plugs were found to 
be the best means for keeping bronchi open. 
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Fig. 4. X-ray film with iodized oil showing bronchial 
fistula in a rat. 


They were pointed and grooved at one end to 
facilitate introduction into the bronchus. 

It was also found advisable to immobilize 
the rabbits’ forelegs during the first 6 to 8 
postoperative days because their scapulas and 
elbows were constantly disturbing the opera- 
tive field. For this purpose, gauze soaked in 
starch was used to good advantage. 

Operations were performed on 24 rabbits 
by the technique described. Eight died at 
operation either from too much ether or from 
a lack of air exchange. Six died after opera- 
tion from profuse chest infections. Ten de- 
veloped open bronchial fistulas demonstrated 
by x-ray with iodized oil injection. 

Both rats and rabbits with bronchial fis- 
tulas require constant attention in order to 
keep the fistulas open. If they are left alone 
without twine or tube in place, the fistulas 
heal spontaneously within a very short time. 

While these experiments were going on, and 
also at the present time, these fistulas were being 
treated with carcinogenic substances, notably, 
benzpyrine. Applications were made every 
other day for as long as 3 months with no 
definite gross evidence of cancer being found. 

In, addition, studies are being carried out 
on the geffect of exteriorization per se on lung 
tissue. These are not complete enough to re- 
port at the present time, but indications are 
that some metaplasia of bronchial mucosa 
takes place in addition to the production of 
fibrosis and atelectasis. 


Fig. 5. X-ray film similar to that in Figure 4, showing 
bronchial fistula in rabbit. 


SUMMARY 


1. Production of persistent bronchial fis- 
tulas in rats and rabbits is deemed worth while 
because of the possibility of inducing true 
bronchogenic tumors by direct application of 
carcinogens to the bronchial mucosa. 

2. Procedures are described for the experi- 
mental production of persistent bronchial fis- 
tulas in rabbits and rats. 

3. Results of treatment of bronchial mucosa 
directly through the fistula with the carcino- 
gen benzpyrine for a period of 3 months are 
grossly negative. 

4. The possibility that lung tissue is changed 
morphologically by exteriorization per se is 
mentioned and is being studied further. 
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BENIGN TUMORS OF THE LARGE INTESTINE— 


Incidence and Distribution 


ELSON B. HELWIG, M.D., St. Louis, Missouri 


COMPARISON of the published reports 
dealing with the incidence and occur- 
rence of benign tumors of the large 
intestine shows a marked discrepancy 

in the prevalence of these tumors. This dis- 
crepancy may be accounted for in a number 
of different ways. Thus,if the specimens for 
study have been removed at surgical opera- 
tion only those tumors which have produced 
symptoms are likely to be included. If the 
material for study is obtained from autopsies 
the incidence will vary with the care taken to 
note the presence of the tumors. And, finally, 
when the incidence of tumors is determined 
upon the basis of a small series of cases, the 
results are less likely to be reliable. 

The term polyp is commonly used to desig- 
nate any benign tumor either sessile or pedun- 
culated arising from the mucous membrane 
of the large intestine. While this interpreta- 
tion of the term polyp may convey the gross 
conception of the tumor, it does not signify 
the essential pathological structure of the 
tumor. On the basis of the exact structure, 
this group of tumors referred to grossly as 
polyps may be classified into a number of 
different types such as adenomas, leiomyomas, 
carcinoids, and lipomas. Since each type of 
tumor is characterized by a distinct clinical 
course and prognosis the necessity of an ac- 
curate diagnosis is obvious. The explicit 
nature of the polyp must be known in order 
to arrive at the correct treatment and prog- 
nosis. In this study of the large intestine, the 
occurrence and exact nature of each polyp was 
determined. 


MATERIALS AND METHODS 


This report is based upon 1,460 consecutive 
autopsies in which the entire large intestine 
was available for study. Each intestine was 
carefully examined in the fresh state. All 
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grossly discernible elevations and irregular- 
ities of the mucosa were recorded and the 
distance of each was measured from an ana- 
tomical landmark. Each elevation, together 
with the adjacent intestinal wall, was removed 
and placed in ro per cent formalin. After fixa- 
tion, sketches of each lesion and the pertinent 
descriptive information were recorded on an 
anatomical drawing of the large intestine. 
Large lesions were sectioned in a plane per- 
pendicular to the mucosa. All blocks of tissue 
were then embedded in paraffin in such a 
manner that the plane of section was at a 
right angle to the plane of the mucosa. Single 
sections and in many instances step and serial 
sections were prepared and stained with 
hematoxylin and eosin. The microscopic 
appearance of the lesion was then noted and 
studied in relation to the gross appearance. 
On the basis of the microscopic structure, the 
exact diagnosis of the lesion was established. 
All carcinomas and sarcomas have been ex- 
cluded from this study, although a small 
number of adenomas showing microscopic 
foci of carcinoma have been included. The 
adenomas containing foci of carcinoma will 
be discussed in detail in another communica- 
tion. Also all lesions obviously the result of 
inflammation, thrombosed hemorrhoids, and 
anal fibrous tags have been excluded. 


TYPES OF POLYPS 


The number of cases and the various types 
of polyps encountered in the large intestine 
in this series are as follows: 

Adenoma, 139; lipoma, 13; carcinoid, 1; 
leiomyoma, 1, a total of 154 cases. 

Adenomas. In the 1,460 consecutive large 
intestines studied there were 139 which con- 
tained adenomas, an incidence of 9.5 per cent. 
Omitting one instance of familial polyposis, 
the remaining 138 contained a total of 272 
adenomas. In 80 instances there were single 
adenomas and in 59 cases 2 or more adenomas 
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Fig. 1, left. Adenoma of the sessile type. X 3.6. 
Fig. 2. Adenoma of the pedunculated type. The stalk is covered with normal 
mucosa. X 2. 


were present. Table I shows the incidence of 
adenomas in the colon and rectum. 


TABLE I.—INCIDENCE OF ADENOMAS IN COLON 
AND RECTUM 


Adenomas solely Adenomas present 
in one site in both sites Total 
Cases Percent Cases _ Per cent Cases Per cent 
Colon... 103 7.05 17 1.15 120 8.22 
Rectum. 18 1.26 17 c.35 35 2.39 


In this series the incidence of adenomas in 
the colon, 8.22 per cent, was appreciably 
greater than that reported by others. Stewart 
found 4.19 per cent in 1815 autopsies; Susman, 
6 per cent in 1100 autopsies; and Lawrence, 
only 2.37 per cent in 7,000 autopsies. Law- 
rence attributed the low incidence in his series 
to the large number of children included, 25 
per cent of the 7,000 autopsies being on chil- 
dren under 11 years of age. However, in the 
present study the percentage of autopsies of 
children less than 11 years of age was also 25 
per cent. In the 1,460 autopsies the incidence 
of adenomas in the rectum was 2.39 per cent 
compared with the observation made by 
Lawrence of 0.42 per cent. In both series 
approximately one-half of the intestines with 
adenomas in the rectum also showed adenomas 
in the colon. In the present series the num- 
ber of adenomas noted in the rectum was 
about five times the number recorded by 
Lawrence, and the number of adenomas of 
the colon was three times the figure reported 
by the same author. However, in general, 
the relative incidence of adenomas in the 


rectum and colon was in agreement with the 
observation of Lawrence and in disagreement 
with the experience of Swinton and Warren. 
The identification of the adenomas studied by 
Swinton and Warren was dependent largely 
on roentgenographic and proctoscopic exam- 
inations. These workers were able to visualize 
70 per cent of the tumors in their series 
through a ro inch sigmoidoscope. Obviously 
the greatest number of adenomas would 
be encountered in that segment of the large 
intestine in which the sigmoidoscope is appli- 
cable. It would appear doubtful that this 
highly selected material could give the true 
incidence of adenomas of the rectum and 
colon. 

Table II shows the distribution of the 
adenomas. 


TABLE II.—DISTRIBUTION OF ADENOMAS 


Cases Per cent 
onic hiscncsco ns pide nsenac . ge 11.8 
Ascending colon............... 42 15.4 
Hepatic flexure... .. ey ‘ace: ii 4-4 
Transverse colon... . Sener. 32 11.8 
Splenic flexure... .. AR eae 13 4.8 
Descending colon...... ee 22 8.1 
Sigmoid colon...... Sr ec . 76 27.9 
Rectum....... Ronan Cee “seo. Se 15.8 

UME. 5 oo seo oe oe eedenbsicaes . 292 


From Table II it is seen that the sigmoid 
colon is the most common site in the large in- 
testine for the occurrence of adenomas, 27.9 
per cent occurring in this segment. Saint 
found 20 of 51 polyps located in the sigmoid 
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Fig. 3. Photomicrograph of the adenoma shown in 
Figure 1. Note variation in type of cells lining glands. X85. 
Fig. 4. Photomicrograph of a section through the peri- 
phery of the adenoma which is shown in Figure 2. The 


colon, although it is not clear that all of the 
tumors were adenomas. In an analysis of 166 
cases of adenomas of the colon, Lawrence 
found the sigmoid colon involved 43 times. 
In an additional 13 cases the sigmoid colon 
was involved as part of a generalized poly- 
posis of the colon. The observations in the 
present study are in agreement with the expe- 
riences of Saint and of Lawrence, that the 
sigmoid colon is the most commonly involved 
site. 

The adenomas may be either sessile (Fig. 1) 
or pedunculated (Fig. 2). A few were as smal] 
as 1 millimeter in diameter and the largest 
measured g centimeters in the greatest diam- 
eter. Numerous adenomas studied in the 
one case of multiple polyposis involving the 
entire colon and rectum in this series were 
similar in all characteristics to the solitary 
and multiple adenomas in the other cases. 

Histological studies of the adenomas re- 
vealed a variable structural and cytological 
picture. The supporting framework ranged 
from a single, simple connective tissue stalk 
to multiple complex branching cores of con- 
nective tissue. In some instances the muscu- 
laris mucosae extended upward from the wall 
of the intestine into the pedicle, and in others 
only isolated foci of smooth muscle were noted 
in the stalk. The stalks contained a variable 
but usually moderate number of small and 





cells are tall, columnar and contain mucus. X85. 

Fig. 5. Photomicrograph of the base of the adenoma 
shown in Figure 2. The cells lining the glands are columnar 
but do not contain mucus. X85. 


large blood vessels. The normal mucosa of 
the intestine either terminated at the base of 
the adenoma or, particularly if the polyp was 
of the pedunculated type, covered the base 
and stalk. Regularly arranged columnar epi- 
thelium disposed in the form of glands covered 
the connective tissue stalks. The glands va- 
ried in size and contour. The columnar epi- 
thelium ranged from cells with pale acido- 
philic cytoplasm to cells of the goblet type 
with clear cytoplasm. In some instances an 
entire adenoma showed a single type of cell 
and in other examples a single polyp exhibited 
variations of cell type (Fig. 3, 4, 5). Thus 
one adenoma would be comprised entirely 
of mucus-filled cells whereas another would 
exhibit only a few, if any, cells of this type. 
Mitotic figures were encountered frequently 
in some adenomas and were uncommon in 
others. From the aforementioned description 
it is apparent that not only was there varia- 
tion among different adenomas but that a 
single or solitary adenoma frequently exhib- 
ited a pronounced variation in structure. 
Lipomas. The lipomas constitute the sec- 
ond most frequent group of polyps found in 
the large intestine. In the 1,460 consecutive 
large intestines observed in the present series, 
13 contained lipomas, an incidence of 0.89 
per cent. Comfort found 20 submucous in- 
testinal lipomas in 3,924 consecutive autop- 
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Fig. 6. Lipoma of the pedunculated type. X 2.5. 


sies. Ten of these were located in the large 
intestine, an incidence of 0.25 per cent. 
Staemmler noted only 9 cases of lipomas of 
the entire intestinal tract in 17,000 autopsies, 
an incidence of 0.05 per cent. The greater 
incidence recorded in the present series is 
probably the result of a more careful exam- 
ination. 

In the present group of 13 large intestines, 
10 showed a solitary lipoma and 3 contained 
2 or more. Of the 3 instances of multiple 
lipomas, the cecum and ascending colon were 
involved in 1 instance, the ascending colon and 
sigmoid in another, and only the cecum in the 
third. The distribution of the lipomas was 
as follows: 

Of a total of 20 cases the lipomas were in 
the cecum in g cases; in the ascending colon 
in 8 cases; in the descending colon, sigmoid 
colon, and rectum in 1 case each; while none 
was found in the hepatic flexure, transverse 
colon, or splenic flexure. 

The cecum and the contiguous ascending 
colon are the most common sites of lipomas 
in the large intestine. This result is in agree- 
ment with the conclusion of Comfort and con- 
trary to the observations of Stetten. Stetten, 
analyzing cases from the literature, found the 
predominant site of lipomas to be the sigmoid 
colon and rectum. Both the sigmoid colon 
and rectum were involved more frequently 
than either the cecum or ascending colon. In 
the analysis made by Stetten the presence of 
some of the tumors was noted because of 
clinical symptoms. Since the rectum and sig- 
moid colon are accessible for direct examina- 
tion, the identification of the tumors in these 
locations was probably more readily estab- 
lished. 


Fig. 7. Lipoma of the sessile type. 4.6. 


The distribution according to sex showed 4 
men and g women, although the ratio of 
male to female autopsies was about 3 to 2. 
Comfort, analyzing the reported lipomas of 
the entire gastrointestinal tract, noted the 
cases about equally divided between the two 
sexes. 


TABLE III.—OCCURRENCE OF LIPOMAS 


Intestines Cases of 

Age group Examined Lipomas 
UMGEE 50 YORE... 2. se cce cee 838 I 
g0 to Go..... <<. SZ 4 
60 to 70... ; .. 206 6 
| re Sicaceri ar ebreiaey eters 161 2 


Table IIT shows the age of the patients in 
whom the lipomas were encountered. With 
the exception of one patient, a man 31 years 
of age, all were over 50 years of age. Thus 
the incidence of lipomas is greatest in the 
same decades in which adenomas and car- 
cinomas are most common. 

The lipomas of the intestine may occur in 
either the submucosa or the subserosa and 
more rarely involve both sites. In the present 
study of 13 cases the submucosa was the site 
involved in 12. In the other case the tumor 
was located in the subserosa of the sigmoid 
colon but produced an elevation of the 
mucosal surface. Incidentally, this was the 
only lipoma of the large intestine found in a 
patient under 50 years of age. 

Two of the large intestines containing 
lipomas also contained adenomas. Further- 
more, 2 other large intestines with lipomas 
presented a carcinoma. Thus in 4 of the 13 
cases of lipoma there was another type of 
tumor involving the large intestine. This fact 
may signify a special susceptibility in these 
patients to the development of tumors. 
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Fig. 8. High power photomicrograph of the lipoma 
shown in Figure 7. The fat cells are of the adult type. 
X 100. 


In 3 of the 12 cases of submucosal lipomas 
there were single pedunculated tumors (Fig. 
6). The lipomas of the 9 other cases were 
sessile (Fig. 7). Grossly the tumors were soft, 
smooth, and pale gray or grayish-yellow. The 
pedunculated lipomas were attached to the 
wall by narrow flat stalks. These tumors were 
oval in shape and flattened in one dimension. 

Histologically the tumors were comprised 
of the adult type of fat cell (Fig. 8). The fat 
cells were arranged in groups of variable size 
which were separated by irregular connective 
tissue trabeculae. The trabeculae were usually 
delicate, but in a few instances the connective 
tissue was relatively abundant. Blood vessels, 
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Fig. 9. High power photomicrograph of the lipoma 
shown in Figure 6. Some of the cells are cuboidal and 
fusiform with a granular and vesicular cytoplasm. X 100. 


usually small, were dispersed throughout the 
septa. Peripherally, the lipomas were sur- 
rounded by a thin but variable zone of con- 
nective tissue. Occasionally this layer of con- 
nective tissue was poorly defined. Although 
Staemmler described an immature type of fat 
cell at the periphery, none was noted in this 
location in this series. However, within some 
of the lipomas cuboidal or fusiform cells with 
a granular and vesicular cytoplasm were 
noted (Fig. 9). Except for scanty collections 
of lymphocytes there was no infiltration of in- 
flammatory cells, although a few lymphoid 
nodules were sometimes present at the level of 
the muscularis mucosae. Thus these lipomas 





Fig. to. Leiomyoma of the pedunculated type. The 
tumor is separated from the muscularis by a stalk of con- 
nective tissue. 3.6. 





Fig. 11. Section of leiomyoma shown in Figure 10. The 


tumor is composed of interlacing bands of smooth muscle 
cells, and is continuous with muscularis mucosae. X 110. 
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Fig. 12, left. Carcinoid of the rectum. Note the intact layer of mucosa. 2.8. 
Fig. 13. Photomicrograph of the carcinoid shown in Figure 12. The cells are arranged in cords and 
in alveolar structures. 110. 


have not produced evidence for the origin of 
the tumors on an inflammatory basis. In the 
smaller tumors there was no disturbance of 
the muscularis. In the larger lipomas, the 
muscularis was slightly compressed and dis- 
torted by the tumor. The muscularis mucosae 
varied from a well defined layer to only thin 
remnants. The tumors in all instances were 
covered on the lumen surface by mucosa. 
The most outstanding change of the mucosa 
was an attenuation of the glands and decrease 
in the width of this layer. The goblet cells in 
some instances were prominent but for the 
most part were not noticeably changed. In 
a few instances the capillaries of the mucosa 
were distinctly dilated and hyperemic. 

The clinical diagnosis of a lipoma of the 
intestine frequently rests upon the presence 
of a complication such as obstruction, in- 
tussusception, or spontaneous expulsion. If 
only those cases which have produced obvious 
clinical signs are recorded, the incidence of 
lipomas of the colon would appear abnormally 
low. This study based on autopsy material 
indicates that the actual incidence is much 
greater. Many lipomas of the large intestine 
probably never produce manifest clinical 
symptoms. 

Leiomyoma. Only one tumor composed of 
smooth muscle was encountered in this series 
of 1,460 autopsies. It was located in the sig- 


moid colon of a 67 year old man and formed a 
pedunculated firm mass measuring 11 milli- 
meters in the greatest diameter (Fig. 10). The 
mucosal surface was smooth and reddish- 
brown. Histologically the tumor was com- 
prised of elongated smooth muscle cells with 
a tendency to be arranged in interlacing bands 
(Fig. 11). A few small blood vessels were 
present within the tumor. No mitotic figures 
or giant cells were noted. The tumor was 
poorly delineated from the muscularis muco- 
sae and was not encapsulated. Golden and 
Stout have pointed out that the lack of a 
capsule of the intestinal leiomyoma may be 
used in differentiating this tumor from nerve 
sheath tumors. The stalk consisted of con- 
nective tissue within which were several 
small and large blood vessels. There was no 
connection between the muscularis and the 
tumor. The pedicle and most of the tumor 
were covered by an essentially normal mu- 
cosa. One segment of the mucosa surmount- 
ing the tumor showed fibrosis of the stroma. 
This area might possibly represent a former 
site of inflammation. The indefinite demarca- 
tion of the tumor from the muscularis mu- 
cosae suggested that the latter was the point 
of origin. 

Leiomyomas of the large intestine are un- 
common. Golden and Stout did not encounter 
a single leiomyoma of the large intestine in 
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5,869 autopsies although 8 cases were gar- 
nered from specimens obtained from surgical 
operation. However, such material does not 
form a reliable index of the true incidence of 
disease processes. Comfort, probably re- 
ferring to the entire gastrointestinal tract, 
stated that lipomas occur in approximately 
the same frequency as myomas. In the pres- 
ent study of large intestines the lipomas were 
much more common than the leiomyomas. 

Golden and Stout have recently made a 
comprehensive analysis of leiomyomas of the 
gastrointestinal tract which have been re- 
ported in the literature. In addition to the 
submucosal location of the tumor as described 
in this report the tumors may be subserosal, 
intramural or combined subserosal and sub- 
mucosal. 

Carcinoid. The fourth type of polyp en- 
countered in this series was the carcinoid or 
argentaffinoma. The carcinoid occurs most 
commonly in the appendix and less frequently 
in the ileum. As determined by the reports in 
the literature it is a decidedly uncommon 
tumor of the large intestine. Ashworth and 
Wallace, in a review of unusual locations of 
carcinoid tumors, found 11 cases in addition 
to 1 of their own in which the tumor was 
located in either the colon or rectum. Two 
tumors were located in the cecum, 2 in the 
sigmoid colon and 2 in unspecified sites. The 
5 remaining tumors were situated in the 
rectum. 

In the present report the tumor was 
located in the rectum of a man 56 years old. 
Grossly the tumor formed a firm hemi- 
spherical elevation measuring 15 millimeters 
in the greatest diameter, which projected into 
the lumen of the intestine (Fig. 12). A smooth 
but otherwise normal-appearing mucosa cov- 
ered the nodule. The entire nodule moved 
freely with the submucosa, but the mucosa 
was closely affixed to the tumor. The cut sur- 
face of the tumor was grayish yellow. 

Histologically the layer of mucosa was thin 
but intact. The muscularis mucosae formed a 
generally distinct but thin layer beneath the 
mucosa. There were lymphoid nodules cen- 
tered at this level. Bounded by the mus- 
cularis mucosae and occupying the submucosa 
was a nonencapsulated nodule of tumor (Fig. 
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13). The cells of the tumor were arranged in 
nests and more frequently in cords, which 
often exhibited a disposition to intercom- 
municate and form alveolar structures and 
pseudorosettes. The cells were either poly- 
gonal or cylindrical and the cytoplasm, pale 
and acidophilic. The nuclei were either round 
or oval and contained a moderate number of 
fairly evenly distributed chromatin granules. 
No mitotic figures were noted. When the 
cells were cylindrical and arranged in columns, 
the polarity of the nuclei within the cells 
varied but the shape and size of the nuclei 
were remarkably uniform. The nests and 
columns of cells were separated by a stroma 
of connective tissue which ranged from fine 
septa to large dense bands. Small blood 
vessels were present within the stroma. A 
few collections of tumor cells were noted 
within the muscularis mucosae. The base of 
the nodule showed nests of tumor cells extend- 
ing irregularly into the submucosa. However, 
this layer was greatly thickened so that a 
wide zone of connective tissue uninvolved by 
tumor existed between the nodule and the 
muscularis. Within this connective tissue 
were numerous small and large vessels. The 
muscularis underlying the tumor nodule was 
slightly thickened. One section on micro- 
scopic examination disclosed a small focus of 
tumor unconnected with the main nodule 
lying immediately external to the muscularis. 
No other foci of tumor were discernible. Al- 
though early investigators (3, 6) regarded the 
carcinoid as a benign tumor, more recent 
workers (8, 9) have recognized the malignant 
character of some of these tumors. Raiford 
has stated that carcinoids situated in the 
stomach or colon are more likely to be malig- 
nant. The tumor described in this report 
probably should be regarded as malignant 
since a small nest of cells was encountered 
external to the muscularis. However, the 
cytological features did not differ in any way 
from those of a benign carcinoid. 

Although Wyatt stated that carcinoids do 
not occur in the rectum, 6 cases including the 
present one have now been reported in this 
location. 

The generally accepted opinion is that the 
carcinoid is derived from the Kultschitzky 
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cells of the mucosa of the intestine. Since 
Pessin has described these cells as occurring 
occasionally in the large intestine, carcinoid 
tumors might be expected to occur in this 
location. It is entirely possible that in some 
instances the carcinoid tumor has been con- 
fused with the carcinoma in this particular 
location. 


CONCLUSIONS 


1. The adenoma is the most common polyp 
of the large intestine. 

2. The most frequent site of the occur- 
rence of adenoma in the large intestine is the 
sigmoid colon. 

3. The second most frequent polyp of the 
large intestine is the lipoma. 

4. The most common sites in the large 
intestine of the lipoma are the cecum and 
ascending colon. 

5. The leiomyoma is an uncommon tumor 
of the large intestine. 


6. Carcinoids of the large intestine are in- 
frequent. A carcinoid of the rectum is re- 
corded. 
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CARBAMIDE SULFONAMIDE MIXTURES 


Use in Treatment of Compound Fractures and Traumatic Wounds 


FREDERIC W. ILFELD, M.D., Major, M.C., U.S.A., Los Angeles, California 


N 1937 Holder and MacKay (4) revived 
the use of urea (carbamide) in the treat- 
ment of infected wounds. Their studies 
showed that carbamide is relatively 

harmless to normal tissue, hastens healing, 
eliminates odor from infected wounds and is 
bactericidal chiefly by virtue of its solvent 
action on dead tissue (5). Continuing their 
studies on wound therapy these authors (6) 
reported the successful use of a mixture of 
carbamide (urea) with the sulfonamides 
(CSM: carbamide sulfonamide-mixture) in 
1942. They point out that carbamide en- 
hances the action of the sulfonamides in 
several ways: (a) tends to rid the wound of 
certain sulfonamide inhibitors such as pus, 
débris, and autolytic products; (b) increases 
the concentration of sulfonamides by increas- 
ing their solubility; (c) prevents caking of the 
sulfa drugs thus lessening their foreign body 
reaction; and (d) by its hypertonicity in higher 
concentrations leads to diapedesis and an in- 
crease in active cellular defense reaction. One 
of the principal functions of the drug is chem- 
ical débridement of the wound. (Carbamide 
is inexpensive, usually costing less than 10 
dollars per 100 pounds.) After many trials 
with various combinations, the mixture now 
used most frequently consists of carbamide 
(urea) 85 per cent, sulfanilamide 13 per cent, 
and sulfathiazole 2 per cent. This combina- 
tion was arrived at on the basis of potential 
solubility. 

Further studies carried out by a group at 
the University of Minnesota substantiate 
these findings (12). In one of their experi- 
ments 29 cases of bilaterally infected derma- 
toses were selected for treatment. To one 
lesion, sulfathiazole alone was applied while 
the corresponding area on the opposite side 
was dressed with carbamide sulfathiazole mix- 
ture. In each instance the latter area healed 

78th General Hospital, Camp White, Medford, Oregon. 


more rapidly. From this study they concluded 
that the effect was due to enhancement of the 
sulfathiazole action by the urea, to neutraliza- 
tion, or removal of its inhibitors (15). 

During the past 14 months a series of 41 
patients with compound fractures and other 
serious traumatic injuries have been treated 
with carbamide sulfonamide mixtures. These 
cases have afforded an opportunity to study 
the clinical use of this combination of drugs. 
In several instances internal fixation with the 
Townsend and Gilfillan bone plate (13) and in 
one instance with steel wire (fracture of 
olecranon) was necessary. The definitive 
treatment of compound fractures, tendon and 
other traumatic injuries herewith described is 
intended for use only in hospitals where suf- 
ficient time and material, as well as technical 
skill, is available. Under these conditions the 
use of carbamide sulfonamide mixture, in- 
ternal fixation of the fracture, and primary 
closure of the wound will result in primary 
healing. 


METHOD 


Emergency treatment. The emergency treat- 
ment of compound fractures and soft tissue 
wounds is very simple and can be applied by 
any one trained in first aid. It consists of 
sprinkling carbamide sulfonamide mixture in 
powder form over the wound followed by dry 
dressing and an elastic or Ace bandage. 
Fractures are splinted. 

Presurgical therapy. Appropriate measures 
are used to combat shock. These include mor- 
phine, oxygen, bed rest, heat, intravenous 
fluids, blood plasma, and transfusions. Fol- 
lowing recovery from shock which usually 
occurs within a few hours, the patient is taken 
to the operating room where definitive treat- 
ment is performed. 

Surgery. The part is prepared by scrubbing 
the skin with soap and water, gauze sponges 
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being used. The wound itself is cleansed with 
sterile sponges or cotton pledgets wet with 
sterile normal saline solution. The whole area 
is scrubbed for 20 minutes by the clock, the 
solution of soap and water being changed 
several times during the process. The skin 
may be prepared further with ether and 
tincture of mercresin or merthiolate. No 
antiseptic is used in the wound. This pro- 
cedure is carried out by the surgeon or his 
assistant. Only thoroughly trained personnel 
should be entrusted with its responsibility. 

After the wound is draped with sterile 
sheets it is irrigated with 1000 cubic centi- 
meters of normal saline followed by 500 cubic 
centimeters of a saturated solution of carba- 
mide sulfonamide mixture in sterile water; 
Asepto syringes or an overhead tank with rub- 
ber tubing and a glass nozzle are used for this 
purpose. 

Careful and thorough débridement of the 
wound is then carried out under strict aseptic 
conditions. The procedure consists of excising 
about % to % of an inch of skin around the 
edges of the wound and removal of all 
necrotic or injured fat, muscle, or fascia. The 
amount of tissue taken out is determined 
by its color, ability to bleed, contractabil- 
ity of muscle, and general appearance (16). 
Loose fragments of contaminated bone and 
periosteum are removed. Those pieces of 
clean bone attached to periosteum may be 
left im situ. During débridement, and other 
preparation of the wound, a minimum of 
suture material is used, plain catgut serving 
for bleeders. The débridement can be de- 
scribed as a partial excision or saucerization 
of the wound. Irrigation is then repeated 
with first a normal saline and then a saturated 
carbamide sulfonamide mixture solution. 

Reduction of the fracture is accomplished 
by traction. When indicated a bone plate may 
be employed, the fracture impacted, and the 
bone screws tightened. Lacerated tendons are 
approximated, the edges are freshened and by 
means of silk sutures are then brought to- 
gether after the method of Bunnell. 

The surgical procedure proper having been 
completed, about 1 to 6 ounces of carbamide 
sulfonamide mixture powder is sprinkled and 
packed into every part of the wound, the 


quantity used depending upon the extent of 
the lesion. It is important that no area be 
overlooked. The handle of a Bard-Parker 
knife, a spoon, or a curette may be used to 
implant the powder. No attempt is made to 
close the various layers of the wound. The 
skin alone is approximated by means of a per- 
pendicular mattress suture of silk. 

Immobilization is achieved by either inter- 
nal fixation or the application of a plaster-of- 
Paris cast. Since all soldiers have had tetanus 
toxoid a booster dose of 1 cubic centimeter is 
routinely given. In some of the more severe 
injuries a prophylactic injection of 5—10,000 
units of gas antitoxin may be administered 
intramuscularly. Sulfathiazole or sulfanila- 
mide may be given orally for the next 10 days. 
Some of our patients were given sulfanilamide 
and some sulfathiazole; however, the latter 
seems more satisfactory in maintaining an 
effective blood sulfa-level. Blood sulfa-deter- 
minations, red and white cell and differential 
counts, and urine examinations are made on 
alternate days. Unless there is evidence of a 
spreading infection, the wound is left alone 
and is not inspected until the 7th to the roth 
day. Skin sutures are removed after the roth 
postoperative day. 


COMPOUND FRACTURES RESULTING FROM 
ORDINARY TRAUMA 


Table I illustrates the results of treatment 
in various types of compound fractures and 
severe tendon injuries encountered in civilian 
practice; that is, trauma resulting from auto- 
mobile accidents, athletics, fighting, etc. The 
interval between the injury and treatment 
varied from % to 12 hours. All were treated 
by scrubbing, irrigation, débridement, irriga- 
tion, reduction, insertion of carbamide sulfo- 
namide mixture powder and primary closure 
as has been described. Sixteen wounds healed 
per primam and the 2 others healed with a 
slight serous discharge but no gross infection. 
In both of the latter instances the skin was 
approximated under tension. It is interesting 
to note that in Case 1 patient incurred his 
injury while riding a scooter in a barnyard. 
His wound was contaminated with manure. 
Healing, however, occurred without infection. 
The following case, Case 2, may be described 
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COMPOUND FRACTURES FROM ORDINARY TRAUMA 






























































Case Hist Di ; Interval Hospital 
Age eta eerie till surgery treatment* Result 
I Riding scooter in stable Compound fracture right tibia; simple 6 hrs. Steinmann pin, skeletal Primary healing 
24 ard, fell injuring right} fracture fibula traction 
eg 
2 Jeep collided with civilian] Compound fracture right elbow, olec- 7 hrs. 500 c.c. plasma. Insertion] Primary healing 
19 ranon and humeral articular surface of steel wire 
3 Jeep collided with civilian] (1) Compound fracture right tibia and| 114 hrs. Insertion of T & G bone} Minor serous discharge 
23 car bula; (2) fracture left femur; plate 
(3) multiple lacerations of scalp 
4 Caught right hand in cir-} Lacerated wound, splitting middle 1 hr. Amputation of finger Primary healing 
31 cular buzzsaw right finger longitudinally extending 
dorsum of hand to wrist. Laceration 
of flexor and extensor tendons 
5 Right index finger cut off] Compound fracture of middle phalanx,| 114 hrs. Minor serous discharge 
27 with power saw right index finger 
6 Caught right thumb in Compound fracture of distal phalanx, 2 hrs. Healed per primam 
36 lock of searchlight right thum 
7 Index finger caught on Compound fracture of distal phalanx 5 hrs. Primary healing 
22 muzzle of gun right index finger 
8 Thrown from truck strik-) Compound fracture right radius and 5 hrs. Later reduction fracture of} Primary healing 
25 ing wrist and forearm on} ulna. Simple fracture right navicular ulna ' 
pavement 
9 Motorcycle collided with | Compound fracture left tibia, Colles’| 6% hrs. Primary healing 
19 truck fracture, left. Simple fracture scaph- 
oid, left 
10 Jumped to catch football,] Compound dislocation right great toe 5 hrs. Primary healing 
23 landed on extended right 
great toe 
I Jeep overturned striking | Compound fracture left radius 12 hrs. Primary healing 
34 t forearm 
Struck by auto while Compound fracture right tibia, simple 3 hrs. Primary healing of wound. 
21 crossing street fracture right fibula. Laceration of Phlebitis of left Jeg 
forehead 
13 Driving car, dozed hit tree} Compound fracture left tibia involving 2 hrs. Plaster cast Primary healing 
19 knee joint 
14 Struck left hand against} Compound fracture proximal phalanx, 6 hrs. Plaster cast Primary healing 
2 piece of glass on street 4th finger, left, laceration extensor 
tendons left index, middle and ring 
fingers 
15 Stumbled, falling striking) Compound fracture middle phalanx 3 hrs. Pin pulp traction Primary healing 
23 finger against gun, during| left forefinger 
drill 
16 Jeep overturned drivi Severe lacerations dorsal surfaces, 3d, \% hr. Closure of as much of Healed without infection 
25 blackout, injuring right} 4th and sth fingers exposing middle wound as possible 
hand and distal phalanges and _inter- 
phalangeal joints 
17 Struck by auto with exten-| Laceration of extensor tendons of 2nd 5 hrs. Tendon repair primary Healed per primam 
42 sive laceration right hand| and 3d fingers, brush burn of back of closure 
and buttock and 
18 Caught 4th finger in 155| Compound fracture of distal phalanx} 1% hrs. Healed per primam 
23 mm. breech block left 4th finger 




















*General treatment as outlined in text. 


in detail as an example of fractures ordinarily 


the elbow joint. 


The laceration over the: site of 





seen in civilian practice: 


The patient, a 19 year old male, was thrown to 
the pavement from a jeep at 7:00 a.m. on June 9, 
1942, as a result of a head-on automobile collision. 
He was rendered unconscious for 2 hours and was 
admitted to the hospital in shock. There were 
multiple abrasions about the forehead, shock, and 
a compound fracture of the right olecranon involving 


fracture was about 3 inches long, and this wound 
communicated with the joint. The fracture was of a 
transverse comminuted type with a separation of 
about one-half inch between the fragments. In addi- 
tion there was a V-shaped vertical fracture through 
the distal midportion of the trochlea and external 
condyle of the humerus. There was considerable 
débris in the wound. The red blood cell count was 
4,100,000; white cell count 9,950; and the urine ex- 
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TABLE II.—COMPOUND FRACTURES FROM GUNSHOT WOUNDS 
Case : . : Interval Hospital 
Age History Diagnosis till surgery treatment* Result 
19 Gunshot wound, hand Compound fracture Primary union 
37 
20 Gunshot wound, left hand} Compound comminuted fracture, 3 hrs. Pin pulp traction Healed by granulation, 
28 proximal] phalanx, left forefinger. minor infection 
Severe lacerated wound of hand 
21 Gunshot wound, left knee | Wound, left knee joint. Compound 16 hrs. 55 ¢.c. saturated carba-| No infection of knee joint, 
26 fracture left femur mide’ sulfonamide solu- wounds healed by granu- 
tion into knee joint. lation 
Partial wound closure 
22 Gunshot wound, middle Compound fracture, middle left finger 4 hrs. Primary union 
25 finger, left 1st phalanx 
23 Gunshot wound, left index} Compound fracture, middle phalanx,| 3) hrs. Primary healing 
30 finger, middle phalanx left index finger 
24 Gunshot wound, right Compound fracture, right first meta- 8 hrs. Treated with urea-sulfon-| Primary union except web 
20 great toe tarsal and phalanx amide powder and vase-} between great and second 
line pack. Plaster cast toe. 
25 Gunshot wound, left lower} Compound fracture head left fibula 2 hrs Primary healing 
21 
26 Gunshot wound, entering] Compound fracture, tibia cuboid, os Treated at another hospi-| Wound healed by granula- 
22 right ankle medially going} calcis, right tal, débridement, vaseline} tion. Gross infection 
through joint; wound of gauze, plaster, sulfanila- 
exit below lateral mide orally. Developed 
malleolus chronic osteomyelitis, 
treated with curettement, 
urea sulfonamide and 
cast 
27 Gunshot wound, entry Penetrating wound right knee joint. 3% hrs. Both wounds healed per 
23 above right patella Compound fracture left tibia primam 
through quadriceps 
pouch and left tibia 
28 Gunshot wound, pistol, Compound fracture Jeft humerus. Lac- Treated at another hospi-| Gross infection. Guillotine 
23 left elbow eration of brachial artery. Gunshot tal, débridement, inser-| amputation 
wound left elbow tion sulfanilamide, gauze 
ck, and plaster splints. 
‘ransfer to Station Hos- 
pital 6 hrs. later, pro- 
essive infection of el- 
w and forearm with 
gangrene 
29 Gunshot wound, right foot Comment fracture right third meta- 15 min. Application of cast Primary healing 
25 tarsa 
30 Gunshot wound, palm ip wr fracture left third meta- 3 hrs. Cast with pulp traction Primary healing 
23 carpa 


























*General treatment as outlined in text. 


amination, normal. On admission 500 cubic centi- 
meters of blood plasma was administered intra- 
venously, the wounds were sprinkled with carbamide- 
sulfonamide mixture powder, dry dressing and Ace 
bandage were applied, and the fracture was splinted. 
At 2:00 p.m. after patient regained consciousness 
and recovered from shock, formal surgery was done. 

Under gas-oxygen-ether anesthesia the wound and 
elbow were scrubbed with soap and water for 20 
minutes followed by irrigation with 1000 cubic centi- 
meters of normal saline and then 500 cubic centi- 
meters of saturated carbamide sulfonamide mixture 
solution. The skin edges were excised for a distance 
of one-quarter of an inch and all devitalized fat, 
muscle, and fascia was removed. Irrigation of the 
wound was repeated. Two drill holes were then 


made in the distal fragment and one in the proximal 
fragment. A piece of stainless steel wire was then 
passed through one hole and around the proximal 
fragment under the triceps tendon. A second piece 
of wire was placed through the other drill hole in the 
distal fragment and through a hole in the proximal 
fragment. The fracture was reduced by tightening 
and twisting the wires drawing the fragments into 
apposition (Fig. 1). A small loose bone fragment of 
the external condyle of the humerus was excised. 
Carbamide sulfonamide mixture powder was sprin- 
kled into the elbow joint and throughout the wound. 
The skin was approximated with interrupted silk 
mattress sutures. Dry dressing and an Ace bandage 
were applied. The arm was immobilized in a wire 
splint with the elbow flexed to a right angle. 
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Ten thousand units of gas gangrene antitoxin and 
a 1 cubic centimeter “booster” dose of tetanus 
toxoid were injected after operation. One gram of 
sulfathiazole was given orally four times a day for 
the next 8 days. Temperature prior to operation was 
1o1 degrees; pulse, 90; and respiration, 20. On the 
first postoperative day, temperature reached 101.8 
degrees, 100 degrees on the second, and gg degrees on 
the third, thereafter remaining normal until the 21st 
postoperative day when there was an elevation of 
101 degrees because of a slight upper respiratory in- 
fection which subsided after 3 days. When the 
wound was inspected on the oth postoperative day it 
showed healing per primam, the splint was removed, 
and active motion was started. Half of the sutures 
were removed on the 12th postoperative day and the 
remainder on the 15th postoperative day. The blood 
sulfa level on the 6th postoperative day after 15 
grams sulfathiazole was 4.3. The red and white blood 
cell counts and urine examinations were normal 
throughout the postoperative course. Physical 
therapy was started on the 16th postoperative day. 
This consisted of infra-red heat and active exercises, 
and later the carrying of a 5 pound weight. The 
patient was discharged from the hospital on the 34th 
postoperative day with active flexion to 65 degrees, 
extension of 162 degrees, and normal supination and 
pronation. There were no complaints of pain in the 
elbow. The wound healed by primary intention. 


COMPOUND FRACTURES RESULTING FROM 
GUNSHOT WOUNDS 


Twelve gunshot wounds are tabulated in 
Table II. All of these resulted in compound 
fractures and were incurred principally at 
close range. The time interval between the 
accident and operation varied from 15 minutes 
to 16 hours. Two patients were treated else- 
where and received by transfer several days 
after injury. Both of these patients had been 
treated by débridement, sprinkling the wound 
with sulfanilamide powder, gauze packing, 
plaster immobilization, and leaving the wound 
open. One patient had developed a chronic 
osteomyelitis which eventually healed by 
packing with carbamide sulfonamide mixture 
powder and plaster immobilization. In the 
other patient, the brachial artery had been 
severed in the antecubital fossa and gross in- 
fection had developed. There was inadequate 
circulation in the arm which may explain the 
inability of the subsequent combined chemo- 
therapy treatment to control the infection. A 
guillotine amputation of the arm, proximal to 
the wound, was done on the 16th day after 
injury. The wound was treated by means of 


carbamide sulfonamide mixture and adhesive 
skin traction and healed rapidly. Eight of the 
10 wounds under initial treatment at this 
hospital healed per primam. In 2, the tre- 
mendous damage, extensive laceration, and 
loss of skin and blood supply excluded any 
hope of primary union—our hope being to 
save the great toe (Case 24) and the finger 
(Case 20). Both of these wounds healed by 
granulation and the digits were preserved. 
There were 2 instances in which the knee 
joint was involved; both healed without infec- 
tion and with good joint motion. In 1 pa- 
tient, 55 cubic centimeters of saturated carba- 
mide sulfonamide mixture in distilled water 
was injected into the knee joint after closure 
of the wound. The following case report will 
serve as an example of our treatment of gun- 
shot wounds: 


A 23 year old soldier, Case 30, was admitted on 
July 1, 1942, with a gunshot wound of the left hand. 
A dry dressing and tourniquet were applied at the 
first aid station. The general physical examination 
on admission was essentially normal. 

There was a stellate wound of entry in the palm of 
the left hand about 5 centimeters across with a 
V-shaped wound of exit on the dorsum about 6 
centimeters by 8 centimeters. There was much 
destruction of tissue, a comminuted fracture of the 
shaft of the third metacarpal bone, and the flexor 
tendons of the index finger were widely exposed and 
burned with powder. 

Under local novocain block, extensive débride- 
ment of the wounds was accomplished. The skin and 
wounds were washed with soap and water, irrigated 
with saline, and saturated carbamide sulfonamide 
mixture solution. The skin edges and devitalized 
tissue were excised. Two loose fragments of the 
third metacarpal bone were removed. The tendons 
were intact but the flexor to the index finger, was 
severely burned. Bleeding vessels were tied with 
No. o catgut. Carbamide sulfonamide mixture pow- 
der was liberally sprinkled throughout the wounds. 
The skin was closed loosely with interrupted silk 
sutures and a pin was placed through the pulp tip of 
the third finger for traction. The hand was immo- 
bilized in a circular plaster cast from below the elbow 
to the metacarpophalangeal joints. 

The postoperative care included sulfathiazole 
orally, 1 gram four times a day, a stimulating dose 
of tetanus toxoid, (1 cubic centimeter) and 10,000 
units of gas gangrene antitoxin. 

Convalescence was uneventful—temperature 
reaching 99.8 degrees on the 2d and sth postopera- 
tive days. On admission, the red blood cell count 
was 4,980,000; white blood cell count, 14,300; 
polymorphonuclear leucocytes, 77 per cent; and 
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TABLE III.—SHELL FRAGMENT INJURIES 
Case History Diagnosis Emergency or “hs Hospital Result 
Age treatment em treatment* 
31 Shell fragments, (1) Compound fracture right Wounds, sprinkled with] 114 hrs. | Insertion T & G bone Healed per 
22 struck in neck and} humerus (2) Penetrating wound] carbamide-sulfonamide plate. 2 transfusions primam 
right shoulder of neck mixture dry dressing, 
traction splint, 250 c.c. 
plasma 
32 Shell fragments in| (1) Compound fracture right clav-| Wound sprinkled with 7% hrs. | Removal of shell frag-| Healed per 
24 right shoulder and|_icle (2) Abrasion left knee carbamide sulfonamide ment, drain inserted primam 
left knee mixture 
33 Shell fragments in| (1) Extreme shock; (2) compound] 1500 c.c. plasma, 500¢.c,| 11!2 hrs. | 90,000 units gas anti-| Left healed ger 
21 both elbows fracture left radius, humerus,| transfusion. Wounds toxin x-ray therapy. 7| primam. Right 
ulna; (3) compound fracture sprinkled with carba- transfusions grossly infected 
right radius mide sulfonamide mix- 
ture. Fractures 
splinted 
34 Shell fragments left| (1) Compound fracture of left 2d] Wounds sprinkled with| 614 hrs. | Suture of tendons Primary healing 
24 hand and both and 3d metacarpals. (2) Com-| carbamide sulfonamide 
shoulders struck plete laceration 2, 3, 4 and por-| mixture powder and 
tion of sth extensor tendons;| dry dressing applied 
(3) Laceration, extensive of left 
hand; (4) Laceration right and 
left shoulders 
35 Shell fragments in| (1) Compound fracture 1, 2, 3,| Wounds sprinkled with] 7!4 hrs. | Tendon sutured. Lacer-| Primary healing 
25 leftcheek,shoulder| metacarpals, right. (2) Lacera-| carbamide sulfonamide ations sutur 
and right hand tion extensor tendon, 3d. mixture powder and 
(3) Multiple lacerations right dry dressing applied 
hand, face and left shoulder 
36 Shell fragments Wound penetrating right knee Wound sprinkled with 11% hrs. | Removal of shell frag-| Primary healing 
23 joint carbamide sulfonamide ment 
mixture 
37 Shell fragments (1) Extensive wounds both thighs.} Wounds sprinkled with] 11 hrs. Wounds sprinkled with} Gas gangrene 
27 both thighs (2) Laceration left femoral carbamide sulfonamide carbamide sulfonamide} amputation 
artery mixture, dry dressing, mixture, wound left 
compression bandage. open 
Left leg splinted 
38 Shell fragments Wound, lacerated right parietal) Sprinkled with carba-_ 6% hrs. Primary healing 
right side of head | region head mide sulfonamide mix- 
ture 
39 Shell fragments left} Wound, lacerated extensive left} Sprinkled with carba- 9% hrs. | Drain inserted not Healed by 
31 and right thighs thigh and right thigh mide sulfonamide mix- clos granulation 
ture 
40 Shell fragments face} Wounds, puncture of face Sprinkled with carba-| 13 hrs. Primary healing 
29 mide sulfonamide mix- 
ture 
41 Shell fragments ab-| Wound, lacerated, of abdomen Sprinkled with carba- Primary healing 
36 domen mide sulfonamide mix- 
ture 























*General treatment as outlined in text. 


lymphocytes, 23 per cent. 
Kahn negative. 


The blood “sulfa” 


The urine was normal, 
determination 


SHELL FRAGMENT INJURIES 
Our experience with carbamide sulfonamide 





on the 3d postoperative day was 2.5 milligrams per 
cent; red blood cell count, 4,900,000; white blood 
cell count, 11,800. Sulfathiazole was discontinued 
on the 8th postoperative day. Traction and sutures 
were removed on the 22d postoperative day. The 
wound had healed per primam. Physiotherapy, con- 
sisting of whirlpool and active finger exercises was 
started. 


It is recognized that novocain infiltration 
anesthesia in contaminated wounds is not 
desirable as well as being a sulfa drug in- 
hibitor. Block anesthesia represents no con- 
traindication so far as we can determine. 


mixture was limited to the ordinary com- 
pound fracture and gunshot wounds until an 
Howitzer gun explosion occurred which re- 
sulted in several typical wartime casualties 
(Table III). The more important injuries 
consisted of 2 patients with lacerations of 
tendons of the hand and compound fractures, 
3 compound fractures, 1 complete laceration 
of the femoral artery and extensive thigh 
wounds, 4 soft tissue wounds, 1 penetrating 
wound of the knee joint, and 3 intra-abdom- 
inal injuries. One patient with extensive 
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aidominal injuries died within 12 hours from 
a secondary renal hemorrhage. All the others 
survived. These cases illustrate the treat- 
ment of compound fractures, tendon injuries, 
joint, arterial and abdominal wounds, gas 
gangrene, the value of blood sulfa deter- 
minations, and the necessity for frequent 
blood counts, plasma and blood transfusions. 
This accident served as an introduction to 
actual war surgery and the efficiency of car- 
bamide sulfonamide mixture in the treatment 
of war wounds. 

The urgent necessity of having large 
amounts of plasma ready for immediate use 
was amply demonstrated. Several patients 
arrived in extreme shock and the immediate 
use of plasma undoubtedly saved their lives. 
For example the blood pressure of one patient 
could not be recorded on arrival at the hos- 
pital; his pulse was not palpable and the heart 
sounds barely audible. Fifteen hundred cubic 
centimeters of plasma, 500 cubic centimeters 
of citrated blood and oxygen were necessary 
to combat his immediate shock. It is our 
impression that plasma should be available for 
use in the first aid station prior to, or during, 
transfer of patients to a hospital. Although 
these patients arrived at the hospital 1 to 114 
hours after the accident, operation in the 
seriously injured, other than the intra- 
abdominal cases, was delayed many hours 


Fig. 2. Case 30. Compound fracture, third metacarpal 
from .30 caliber gun treated with carbamide sulfonamide 
mixture. The wound healed by primary union. 
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Fig. 1. Case 2. Compound fracture of olecranon and 
humerus treated with carbamide sulfonamide mixture. 
Wound healed by primary union. 


until shock had been successfully overcome. 
Plasma and blood transfusions were used 
freely. As the patients were received, carba- 
mide sulfonamide mixture was_ sprinkled 
over the wounds, and dry dressing, Ace 
bandage, and splints were applied. The pa- 
tients were then operated on in the order of 
the severity of their injury. All received 
tetanus toxoid in 1 cubic centimeter stimulat- 
ing doses, oral sulfanilamide or sulfathiazole 
after operation, with frequent red, white, and 
differential counts and blood ‘“‘sulfa” deter- 
minations. A typical case history follows: 

A 22 year old sergeant, Case 31, was looking up in 
the air when he was struck in the neck and right 





Fig. 3. Case 30. Roentgenogram which was made after 
the compound fracture of the third metacarpal had been 
reduced. 
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shoulder by shell fragments. On being hit he was 
spun around and knocked over. Large amounts of 
bright red blood were expectorated. There was no 
pain at all for about 45 minutes. 

Upon arrival at the hospital the patient was 
coughing and raising bright red blood. He was 
unable to talk above a whisper. There was a lacera- 
tion on both sides of the neck just above the thyroid 
cartilage and each wound was about three finger- 
breadths from the midline. The right side of the 
neck was tender and swollen; there was no crepitus 
present; blood was exuding from the nose. On the 
anterolateral aspect of the right shoulder there was a 
large ragged wound measuring 6 by 4 inches, involv- 
ing underlying fascia, deltoid muscle, and extending 
down into the humerus, which presented a badly 
comminuted fracture (Fig. 4). There were wounds 
of entry on the dorsum of the shoulder joint and 
superior wall of the axilla as well as lacerations in the 
axilla and posterior aspect of the shoulder. His 
blood pressure was 118/60; pulse, 128. The re- 
mainder of the physical examination was within 
normal limits. 

First aid treatment consisted of sprinkling carba- 
mide-sulfonamide mixture powder on the neck and 
shoulder wounds, and the application of a dry dress- 
ing and bandage. The right arm was immobilized in 
a Thomas arm traction splint. Two hundred and 
fifty cubic centimeters of plasma was given intra- 
venously and 1 cubic centimeter of tetanus toxoid 
subcutaneously. Eight hours after injury, definitive 
surgery was carried out. Under intravenous pento- 
thal all wounds except those of the neck were cleaned 
with soap and water and irrigated with normal 
saline, skin edges and injured tissue were excised and 
irrigation of the wounds was repeated. The fracture 
of the humerus was reduced and immobilized with a 
Townsend and Gilfillan bone plate (Fig. 5). Carba- 
mide sulfonamide mixture powder was dusted into 
the wound and the skin was closed loosely with 
interrupted silk sutures without drainage. A frag- 
ment of shell in the wound was searched for but not 
found. The arm was immobilized in a posterior 
molded plaster splint. 

Postoperative care included sulfanilamide orally, 1 
gram 6 times a day and intravenous glucose and 
saline, to maintain the fluid intake. The tempera- 
ture on the second postoperative day reached tor 
degrees, fluctuated between 98.6 and 1o1 degrees 
until the 12th postoperative day, thereafter remain- 
ing normal. Red blood cell count on the 4th post- 
operative day was 2,780,000; white cell count, 7,850; 
sulpha determination, 4.0. On the 4th postoperative 
day the patient received a transfusion of 500 cubic 
centimeters of citrated blood. On the 6th postopera- 
tive day the red blood cell count was 1,390,000; 
white cell count, 8,250; and blood sulfa, 5.5. A 
second transfusion of 500 cubic centimeters of blood 
was given. The patient was expectorating consider- 
able mucus and had some difficulty in swallowing 
and talking. The wound on the left side of the neck 
was healed; that on the right was draining slightly. 


The shoulder wound was dressed on the 8th post- 
operative day, and wound healing was per primam, 
On the toth postoperative day red blood cell count 
Was 3,200,000; white cell count was 12,150; hemo- 
globin, 9.5 grams; differential polymorphonuclear 
leucocytes, 69 per cent; lymphocytes, 23 per cent; 
sulfa determination 5.6 milligrams. Oral sulfa- 
nilamide was discontinued on the 14th postoperative 
day. Sutures were removed on the same day and the 
wound healed without infection. Due to tension on 
the skin at the upper portion of the wound, there was 
slight separation of the skin edges. The plaster 
splint was removed and the patient was sent to 
physical therapy department for heat, pendulum, 
and abduction exercises. The remainder of his con- 
valescence was uneventful. Motions of the shoulder 
in abduction, flexion, extension, and rotation were 
normal, and elbow motions were normal. Because 
the upper portion of the anterior wound was ad- 
herent to underlying tissue, this was later excised 
and resutured. The fracture of the humerus united 
by bony callus. 


EVALUATION 


Carbamide sulfonamide mixture when 
sprinkled over a fresh wound tends to inhibit 
the growth of bacteria and chemically débride 
devitalized tissue. In this way when large 
numbers of casualties are brought in at one 
time, emergency treatment may be given and 
patients operated upon in the order of their 
urgency. In case definitive surgery must be 
delayed because the patient is in shock or has 
to be transferred from battalion aid stations 
to larger installations, the emergency use of 
carbamide sulfonamide mixture would appear 
to be most important. When the wound is 
sprinkled with this powder and dry dressings 
are applied, surgical operation may be safely 
delayed and primary closure even attempted 
long after 6 hours have elapsed. 

The danger of using chemicals in traumatic 
wounds is that the surgeon may err in placing 
too much reliance on the drug. Baker, in re- 
porting the use of sulfonamides in traumatic 
and infected wounds, warns that with the use 
of drugs one is apt to acquire a false sense of 
security and become lax in following es- 
tablished surgical principles. There is no 
substitute for thorough and skillful surgery. 
The surgeon must achieve the gross débride- 
ment. Carbamide sulfonamide powder digests 
necrotic tissue and produces microscopic dé- 
bridement. It tends to rid the wound of 
sulfanilamide inhibitors, such as pus, small 
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Fig. 4. Case 31. Compound fracture of right humerus 
from shell fragment of 60 millimeter Howitzer, treated with 
carbamide sulfonamide mixture. Wound healed per primam. 


débris, and split protein products. The ef- 
ficiency of sulfanilamide depends on the 
amount of sulfa inhibitors and also on the 
amount of sulfanilamide in solution. The 
carbamide increases the solubility of sulfanila- 
mide and renders the drug about ten times 
more effective. The carbamide sulfonamide 
powder causes no burning or sensation of pain 
when applied to the wound. 

The primary closure of contaminated trau- 
matic wounds, particularly those involving 
fractures, is a question about which there is 
considerable difference of opinion. Whether or 
not it is attempted must depend upon the 
nature of the wound, facilities and circum- 
stances, as well as the skill of the surgeon. 
The experience of war surgeons dictates that 
actual war wounds should never be closed by 
primary suture but packed open loosely. 
Key (9) referring particularly to compound 
fractures states that it has been his custom to 
close such wounds by primary suture after a 
careful débridement and expect primary heal- 
ing. By the use of sulfanilamide or sulfa- 
thiazole in the wound, or a mixture of the 
two, he points out that a wound can be 


Fig. 5. Case 31. Roentgenogram made after the com- 
pound fracture of the right humerus had been reduced and 
a Townsend-Gilfillan bone plate had been inserted. 


sutured with more assurance than formerly 
and points to the experience of himself (10) 
and others (7, 8). We believe that the carba- 
mide sulfonamide preparation is an improve- 
ment over any of the sulfonamides used in 
mixtures or alone. It is obvious that in 
the formal treatment of traumatic wounds 
primary closure after satisfactory wound 
hygiene is advisable whenever possible. To 
allow a preparation such as carbamide sulfona- 
mide to function, it must be kept in the 
wound. Leaving the wound open allows the 
mixture to drain out and therefore diminishes 
its effectiveness. The 2 cases of gross wound 
sepsis which received initial treatment with 
the carbamide sulfonamide mixture method 
we feel were due to failure to achieve effective 
débridement of the wound. 


In Case 37 effective débridement was not possible 
since the thigh wound was extensive and the muscle 
so severely contused that removal of all injured 
tissue was impossible. This wound was covered with 
carbamide sulfonamide mixture, vaseline gauze, dry 
dressing, and Ace bandage. The skin was not closed. 
The femoral artery had been completely severed. 
Swelling of the leg occurred with subsequent de- 
velopment of gas gangrene. This was our only case 
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of this type of infection and occurred in a wound in 
which primary closure was not attempted. The 
patient received sulfanilamide orally and parenter- 
ally. His blood sulfa level was 12 milligrams per 
cent when gas infection developed. A successful 
result was accomplished by guillotine amputation, 
x-ray therapy, sulfanilamide orally, daily local ap- 
plication of carbamide sulfonamide and 100,000 
units of gas gangrene antitoxin intramuscularly. 
It is not possible to determine which was the 
most effective of these remedies but it is our im- 
pression that amputation, x-ray therapy and local 
application of the carbamide sulfonamide mixture 
were the most important. In Case 33 patient had 
both elbows struck by shell fragments resulting in 
compound fractures of humerus, olecranon, radius, 
and destruction of the elbow joint on the left and 
compound fracture of the radius on the right. The 
injuries were so serious that one consultant thought 
amputation necessary. Both wounds were treated 
by the routine described here. The left, which was 
the more extensive wound, healed per primam; the 
right developed a gross infection, sutures were re- 
moved and the wound thoroughly opened. Using 
frequent carbamide sulfonamide mixture dressings, 
irrigation with saturated carbamide sulfonamide 
mixture solution, the wound healed. It is believed 
that failure to attain satisfactory healing of the 
right wound was due to unsatisfactory débridement. 


The one other case requiring amputation 
was in a gunshot wound of the elbow with 
severance of the brachial artery previously re- 
lated. In the last war it was said that when 
the main vessel of a limb is cut and the wound 
extensive, amputation is almost inevitable. 
These 2 cases, 1 of the femoral artery and the 
other the brachial, indicate the truth of this 
observation. 

Cleansing the wound by irrigation with car- 
bamide sulfonamide mixture solution is im- 
portant and should be thorough. An anti- 
septic may be applied to the skin but never to 
the wound. A solution strong enough to kill 
bacteria will injure tissue cells, thus retarding 
their natural resistance. Irrigation with large 
amounts of solution produces a mechanical 
cleansing and should always be used as an 
adjunct to surrounding skin preparation. 
Scrubbing and irrigating require time and are 
apt to be omitted or performed hastily. 
Nevertheless they constitute important steps 
in proper wound hygiene. In several wounds, 
tissue drains were inserted. This is a com- 
promise between the open and primary 
closure treatment. Drains, of course, allow 


the carbamide sulfonamide mixture chemicals 
to escape and so lessen or diminish their local 
action. Furthermore, the introduction of air 
permits the formation of a fluid level, thus 
preventing contact of the mixture to the whole 
wound. Drains may also introduce infection; 
they cause a foreign body reaction and en- 
courage scarring. When immobilization of a 
fracture is achieved by plaster of Paris, the 
cast, unless there is elevation of tempera- 
ture, pain, or swelling, should not be disturbed 
for several weeks. Windows in the cast are 
not recommended. 

Although this group of patients is small, it 
may be worth while noting that the incidence 
of severe infection in 32 compound fractures 
from injury, gunshot or shell fragments re- 
ceiving original formal surgery at this hospital 
is 3.1 per cent and all infections, including 
those with serous drainage is 15.6 per cent. 
This compares favorably with those reported 
by Baker of to per cent severe infection, and 
19.6 per cent for all infections and Campbell 
and Smith of 18.1 per cent for all infections. 

Primary closure of wounds may be carried 
out safely when they are under close observa- 
tion and when facilities are available for the 
continued observation of the patients. Pri- 
mary suture should never be done if thorough 
débridement and effective wound hygiene 
cannot be accomplished because of the extent 
of the injury or lack of time. Under these cir- 
cumstances, the method advocated by Trueta 
or Orr is recommended. If infection develops 
after closure, the skin sutures may be removed 
and the wound treated as an open one without 
fear of any added complications. 

Unless there are definite indications, the 
dressings should not be disturbed until the 
roth postoperative day. Frequent inspection 
of the wound is apt to lead to complications. 
It is said that “wound curiosity has filled 
many graves.” Half the skin sutures may be 
removed on the roth postoperative day and 
the other half on the 12th. It is our impression 
that carbamide sulfonamide mixture, as well 
as sulfanilamide, slightly delays wound heal- 
ing and retards epithelization. Urea ac- 
celerates granulation tissue formation. At the 
stage of epithelization necessity for the use of 
carbamide sulfonamide mixture has passed. 
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The influence of the treatment which has 
been outlined here upon the duration of 
hospitalization is difficult to estimate with any 
degree of accuracy. However, one receives the 
impression that in addition to the better func- 
tional and cosmetic result of primary closure 
with this treatment there is at least one-third 
less disability with corresponding rapid return 
to duty and reduction in the number of 
hospital days. 

One is justified in raising the question of 
just how much more advantageous is the use 
of the carbamide sulfonamide mixture powder 
than sulfanilamide alone. On experimental 
and clinical grounds, as detailed here, the 
carbamide sulfonamide mixtures possess nu- 
merous advantages. However, good results 
have been reported using only sulfanilamide 
(3, 7, 8, 10) but a careful comparison with the 
results detailed here suggest that the car- 
bamide sulfonamide mixture is much to be 
preferred. A careful clinical comparison of the 
two therapeutic agents is indicated. In the 
interim it would be difficult to dissuade any- 
one who has had experience with the carba- 
mide sulfonamide mixture as to its superiority. 


SUMMARY 


1. The use of carbamide sulfonamide mix- 
tures in the therapy of a series of wounds in 41 
patients with compound fractures and other 
serious traumatic injuries is described. 

2. Application of carbamide sulfonamide 
mixture to fresh contaminated wounds as a 
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first aid measure permits a long delay before 
definitive surgery. 

3. A plan of treatment for formal surgery 
is outlined. The use of carbamide sulfona- 
mide mixture solution for irrigation and im- 
plantation of carbamide sulfonamide mixture 
powder permitted primary closure and healing 
of contaminated wounds. 

4. Results in groups of compound fractures 
from ordinary trauma, gunshot wounds, and 
shell fragment injuries are detailed. 
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TUBERCULOSIS OF THE ANKLE JOINT 
An End-Result Study of Twenty-Five Cases 


S. SVERRE HOUKOM, M.D., Duluth, Minnesota 


ROM a review of the recent literature 
it is apparent that the question of con- 
servative versus surgical treatment of 
tuberculosis of the ankle joint is not yet 
settled. W. R. Mitchell, in a recent article in 
the British Journal of Surgery, states his 
opinion that conservative treatment, i.e. re- 
cumbency with a right angle splint, is the 
treatment of choice in children up to the age 
of 17 years. For adults in whom conservative 
treatment has failed he advocates early ampu- 
tation. He believes that arthrodesing opera- 
tions serve merely to prolong the period of 
disability and endanger life by disseminating 
tuberculosis to other parts of the body. On 
the other hand, Gainslen and Schneider state 
that amputation and also death from other 
forms of tuberculosis are far too frequent 
because conservative measures are persisted in 
too long. The duration of conservative treat- 
ment in their adult cases terminating favor- 
ably was over 4 years. Hanson, in his article, 
quotes the Sorrels, “We have not seen a single 
case of cure by conservative treatment of an 
even moderately severe tuberculosis of the 
talocrural joint with abscesses and fistula.” 
They advocate astragalectomy for all cases. 
In 1917 Humphries and Durham published 
the first report on the treatment of tubercu- 
losis of the ankle joint at the New York Ortho- 
paedic Hospital. These patients were all 
treated conservatively and of the 29 cases 
reported, 23 patients were cured and 6 died. 
Of the 23 patients cured, 15 had free joint 
motion, without deformity. In a subsequent 
paper published by Hibbs in 1930 on the treat- 
ment of tuberculous joints by operative fu- 
sion, he points out that previous to the first 
fusion operation for tuberculosis of the ankle 
in 1923, these patients were all given conserva- 


From the Clinic of the New York Orthopaedic Hospital. 
Dr. Houkom was formerly an Anne C. Kane Fellow, New 
York Orthopaedic Hospital. 


tive treatment for a period of 4 to 7 years at 
the Country Branch of the Hospital. The 
patients discharged as cured were followed in 
the clinic, and, from 1 to 10 years after dis- 
charge from the hospital, many of the joints 
began to show unmistakable signs of active 
disease. In commenting on the previous re- 
port by Humphries and Durham, Hibbs ex- 
pressed the belief that in many of the cases 
they reported the diagnosis had been inaccu- 
rate and the period of observation too short. 
Accordingly Hibbs advocated more accurate 
diagnosis by pathological section of material 
removed from the joint and surgical fusion of 
all positive cases. 

At the New York Orthopaedic Hospital it 
has been the impression of the attending staff 
that the results of surgical fusion for tubercu- 
losis of the ankle joint are uniformly good. In 
an attempt to secure a better evaluation of 
the end-results, a study was made of the 25 
cases of tuberculosis of the ankle joint in pa- 
tients treated from 1923 to 1938 inclusive. All 
age groups are included. Two other patients 
were operated upon during this period but 
have been excluded because of inadequate 
follow up. 


CLINICAL FINDINGS 


The age of onset of symptoms in these 25 
patients varied from 14 months to 45 years. 
The average age at onset was 131% years. In 15 
patients the age at onset of symptoms was less 
than ten years. Of the remaining ten patients 
8 were adults of 20 years of age or older. It is 
evident, therefore, that both the adult group 
and the younger age group are well represented. 

At the time of the initial examination in the 
clinic, these patients presented the symptoms 
and signs usually associated with tuberculosis 
of the ankle joint. Pain, swelling, fluctuation, 
increased local heat, muscle spasm, limitation 
of motion, equinus deformity, sinuses, and a 
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a b 
Fig. 1. Case 1. a, Anteroposterior view, both ankle joints, 
the left ankle is normal; b, lateral view of right ankle joint; 


unilateral limp were present in varying degree 
in the different patients. There were five pa- 
tients who had, before operation, draining 
sinuses, and 3 patients with healed sinus scars. 
The duration of symptoms previous to opera- 
tion varied from 6 weeks to 26 years, the 
average duration being 5 years. Twelve of the 
25 cases had a duration of less than a year. In 
the 13 remaining patients the durations varied 
between 1 and 5 years in the majority of cases. 


DIAGNOSIS 


A presumptive diagnosis of tuberculosis of 
the ankle joint was made before operation on 
clinical, x-ray, and laboratory findings. The 
x-ray findings are of considerable help in 
establishing the diagnosis, the important fea- 
ture being a general decalcification of the bone 
with an associated well defined joint effusion. 
The presence of bone atrophy, thinning of the 
joint space, erosion of the articular cortex, 
and, in the more advanced cases, actual de- 
struction of the bone are also helpful. These 
findings are not pathognomonic, but when 
present should make one strongly suspicious 
of a tuberculous infection. The presence of an 
elevated sedimentation rate points to an in- 
flammatory process. The absence of a positive 
Mantoux test is of value in ruling out tuber- 
culosis, since it is most unusual to have a 
tuberculous joint in the presence of a negative 
test. 

A positive diagnosis of tuberculosis was 
established in all cases either by frozen section 
or by the usual pathological section of material 
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c d 
c, lateral view of right ankle, 2 months after fusion; d, lat- 
eral view, right ankle, 8 years after operation. 


removed at the time of operation. It is felt 
that this is of great importance in evaluating 
end-results in any group of tuberculous joints. 


PREVIOUS TREATMENT 


Various types of treatment had been tried 
on this group of patients before arthrodesis 
was performed. Most of this treatment was 
carried out elsewhere, since at this hospital 
immediate arthrodesis of a tuberculous joint 
is recommended unless the general condition 
contraindicates it. The most common forms 
of treatment were incision and drainage of 
abscesses, leg casts, and braces. Incision and 
drainage was done in 8 cases; in some of the 
cases this was done two or three.times. It is 
doubtful if this form of treatment is ever in- 
dicated in a primary tuberculous infection. It 
usually leads to fistula formation and the 
development of secondary infection. In some 
instances when secondary infection is already 
established, incision and drainage may be 
necessary as a temporary measure. 

Eight patients wore casts or posterior 
splints for varying periods of 2 months to 1 
year. Ankle braces were worn by 6 patients 
from 3 months to 2 year periods. Two patients 
were kept in bed for approximately a year’s 
time. Four patients were treated with adhesive 
strapping, 1 had the ankle manipulated and 
another had baking and massage. Four pa- 
tients had no treatment previous to the ar- 
throdesis. This summary of treatment is not 
intended to give the impression that conserva- 
tive treatment in these cases was given an 
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Fig. 2. Case 2. a, Anteroposterior view of both ankle 
joints, the left is normal; b, lateral view of right ankle 


adequate trial; conservative treatment had 
been tried in another large group of cases and 
the results reported before arthrodesis was 
accepted as the best form of treatment. 


TECHNIQUE OF ANKLE FUSION 


The type of arthrodesis performed in this 
group of cases is a fairly simple procedure. The 
ankle joint is exposed through an anterior 
incision, with care to avoid the dorsalis pedis 
artery and the extensor tendons. The articu- 
lar cartilage of the tibia and the talus, includ- 
ing that of the malleoli, is removed as com- 
pletely as possible, together with exuberant 
tuberculous granulation tissue. If any bone 
cavities are found, they are thoroughly curet- 





a b 
Fig. 3. Case 3. a, left, Lateral view, right ankle joint; b, 
lateral view, right ankle, 2 years after operation. 


joint; c, lateral view, right ankle, 2% years after operation; 


d, lateral view, right ankle, 13 years after operation. 


ted. One must be careful not to damage the 
distal epiphyseal plate in patients of the 
younger age group. Following the removal of 
the articular cartilage, it should be possible to 
secure apposition of raw bleeding bone sur- 
faces. Bone chips are then removed from the 
tibial shaft and are jacked into any spaces 
remaining in the joint and across the anterior 
aspect of the joint. The wound is closed in 
layers and a long leg cast is applied, with the 
foot held in the optimum position of dorsi- 
flexion, usually 100 to 110 degrees. 


PATHOLOGY 


This type of operation affords excellent 
opportunity for the study of the gross charac- 
teristics of tuberculous joint infections. The 
findings varied with the particular case and 
the description varied with the surgeon. The 
joint capsule frequently bulged anteriorly and 
was thickened and edematous. The synovial 
membrane was replaced by abundant grayish 
yellow avascular friable granulation tissue. The 
articular cartilage frequently was thin, lacked 
luster, and separated easily from the underly- 
ing bone and in some places was completely 
absent. Cavities in the adjacent bone of the 
talus or tibia were frequently present and 
filled with bone débris, caseation or granula- 
tion tissue. Cavities were fairly frequent in 
the head and neck of the talus. In some cases 
the disease process had extended into adjacent 
tendon sheaths or had invaded the fossa be- 
neath the talar head and thus by direct exten 
sion into the talocalcaneal joint. 
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PSEUDO ARTHROSIS (FAILURE OF 
PRIMARY OPERATION) 

The experience at this hospital shows that 
more than one operation may be necessary in 
tuberculous joints before the arthrodesis be- 
comes solid. This is especially true of the 
ankle joint because the proximity of the 
talocalcaneal joint makes involvement of this 
joint frequent and may necessitate fusion 
of this joint even though the ankle joint is 
already fused. In this group 13 patients, or 
approximately 50 per cent, required only one 
fusion operation. However, in 16 patients the 
initial ankle fusion was successful, but 3 of 
these latter required a fusion of the talocal- 
caneal joint. Seven patients required two 
operations, 3 required 3 operations each, and 2 
patients required 5 operations each, to secure 
solid arthrodesis and healthy looking bone. 

Of the 12 patients that required more than 1 
operation, only 6 of them were less than 6 
years of age, which indicates that fusion is not 
necessarily less successful on the initial at- 
tempt in the younger age group. We have 1 
patient in whom the first fusion was successful 
when done at 17 months of age. Five of the 12 
patients requiring more than one operation 
had had incision and drainage of the ankle pre- 
vious to being treated at the hospital. The 
establishment of secondary infection with 
draining sinuses is undoubtedly a factor in the 
necessity for multiple operations. 

In 8 of the 25 cases there was associated 
involvement of the talocalcaneal joint re- 
quiring treatment. One possible unfavorable 
aspect of the treatment of tuberculosis of the 
ankle joint by arthrodesis is the chance of 
dissemination of the infection to the talocal- 
caneal joint at the time of the ankle fusion. 
There may be some justification for this idea 
in 4 of the cases since involvement of the talo- 
calcaneal joint was first noted a year or two 
after the ankle joint fusion. However, in 
several instances the talocalcaneal joint was 
already involved at the time first surgery is 
attempted. It is felt that conservative treat- 
ment would not necessarily cut down the inci- 
dence of involvement of this joint, for the 
longer the disease is allowed to persist the 
greater the chance for spread to adjacent 
structures. This is particularly true of the 


cases in which the talar head and neck are 
involved. If both the ankle and talocalcaneal 
joints are involved before surgery is at- 
tempted, it is possible to arthrodese both 
joints at one operation provided there is not 
too much bone destruction. 


POSTOPERATIVE CARE 


Following the operation a long leg cast 
reaching to the mid-thigh is applied. This is 
left on for 6 weeks following which a walking 
cast is applied if the condition of the ankle 
joint permits. The cast is usually kept on 
until there is x-ray evidence of bony ankylosis. 
In a few cases after prolonged immobilization 
the cast was removed when there was clinical 
evidence of a solid fusion but when the x-ray 
showed incomplete or only light fusion present. 
These cases all went on to solid bony union. 

If at the end of 7 or 8 months there was 
unsatisfactory clinical and x-ray evidence of 
fusion, a refusion was usually carried out. If 
there was evidence of involvement of the talo- 
calcaneal joint, this joint was usually fused at 
the same time as the refusion of the ankle. 
Occasionally the ankle joint went on to anky- 
losis but the talocalcaneal joint presented 
evidence of disease, and this joint was fused 
at varying intervals after the primary ankle 
joint fusion. The average interval of time 
between the first and second operation or 
subsequent operations was 12 months for a 
refusion of the ankle and 14 months for talo- 
calcaneal fusion, following a primary ankle 
fusion. 


PERIOD OF DISABILITY FOLLOWING 
OPERATION 


The duration of disability in these patients, 
which means the period of treatment required 
before free weight bearing was allowed, varied 
from 3 months to 5 years. The average dura- 
tion of disability for the 25 cases was 1.2 
years, which is considerably shorter than the 
average period of treatment under a conserva- 
tive regimen. When conservative methods 
were used the duration of treatment averaged 
about 4.7 years and many of these patients 
when followed for a period of years showed 
evidence of activity. The period of treatment 
and disability following surgery does not 
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necessarily mean hospital care, since most pa- 
tients, if the progress is satisfactory, can be 
discharged from the hospital in 3 to 6 months 
and the cast changed in the clinic as necessary. 


ROENTGENOGRAPHIC FEATURES OF 
TUBERCULOSIS OF THE ANKLE 


Some of the characteristic x-ray findings in 
tuberculosis of the ankle are shown in the 
accompanying roentgenograms. The x-ray ap- 
pearance during certain stages of treatment 
and the final end-result are also shown. 


CasE 1. Patient was a girl of 3 years, who had had 
the disease 1 year. No previous treatment had been 
given except strapping of the ankle. The antero- 
posterior view (Fig. 1a) of the right ankle shows defi- 
nite effusion, bone atrophy, and thinning of the joint 
space. There is no bone destruction. The opposite 
normal ankle is shown for comparison. Figure 1b is a 
lateral view of the right ankle. The joint effusion is 
more definite and easily visualized. Figure 1c was 
taken 2 months after fusion. There is less evidence 
of active infection. The fusion is not yet solid and 
discreet bone chips are still present. Figure 1d, taken 
8 years after operation, when patient was 11 years of 
age, shows the ankle joint solidly fused. The bone 
appears healthy; there is no evidence of activity. 
The epiphyseal line is intact showing that successful 
fusion can be obtained without interfering with 
growth. Clinically the patient has an excellent result. 

CASE 2. The patient was 3 years of age and the 
disease, present for 6 months, had been treated with 
an ankle brace for 3 months. Anteroposterior view 
(Fig. 2a) of the right ankle shows the characteristic 
x-ray appearance of tuberculosis. The opposite 
ankle is normal. Figure 2b is a lateral view of the 
right ankle showing the marked joint effusion. 
Figure 2c, a lateral view of right ankle 214 years 
after operation, shows that fusion is solid. The bone 
is healthy and the epiphyseal line is intact. Figure 
2d, a lateral view of the right ankle, 13 years after 
operation when patient was 16 years of age, shows 
the final end-result with solid fusion and healthy 
bone. The epiphyseal line has closed. 

CASE 3. The patient, 4 years of age, had had the 
condition 16 months. Previous treatment consisted 
of incision and drainage shortly after onset. Clini- 
cally the patient presented such a severe picture with 
marked swelling and draining sinuses that amputa- 
tion was considered. Figure 3a, before operation, 
shows the marked effusion, with destruction of the 
superior portion of the talus. Figure 3b, a lateral 
view, was taken 2 years after fusion. Because of in- 
volvement of the talocalcaneal joint, this joint was 
also fused. Both the ankle and talocalcaneal joints 
are solidly fused. There is no effusion or soft tissue 
reaction, although the bone does not yet appear as 
healthy and contrastable as in previous cases. There 
is no evidence of activity. 


END-RESULTS 


In the end-result study of these 25 patients, 
the follow up period varied from 1% years to 
13% years, the average follow up period being 
6.2 years. An end-result was classified as ex- 
cellent if it met the following criteria: a solid 
fusion in good position of 100 to 105 degrees 
dorsiflexion, no draining sinuses, no swelling 
or tenderness, no pain either at rest or on 
weight bearing, normal gait, normal activities, 
and final roentgenogram showing bony fusion 
with healthy appearing bone. A result was 
classified as good if it met all but one or two of 
the requirements for an excellent result. A 
result was classified.as fair if the fusion was 
considered doubtful on x-ray examination and 
a brace considered advisable, although symp- 
toms were slight. 

On the basis of outline given, 16, or 64 per 
cent, of the cases had an excellent result, 6, or 
24 per cent, of the cases had a good result, and 
3, or 12 per cent, of the cases had a fair result. 
Combining the excellent and the good results 
makes a total of 88 per cent satisfactory re- 
sults. I consider the fair results in this group 
as being a better end-result than amputation. 

In the 9 cases with talocalcaneal joint in- 
volvement, the results were excellent in 4, or 
44 per cent, good in 4, or 44 per cent, and fair 
in 1 case. Again the percentage of satisfactory 
results is 88 per cent. 


ANALYSIS OF STUDY 


These cases were not selected for operation. 
Every patient with strongly suspected tuber- 
culosis of the ankle joint, with the exception of 
those having an active lung lesion, was ad- 
vised to enter the hospital for further observa- 
tion and treatment. At operation an arthro- 
desis was done if the frozen section was posi- 
tive for tuberculosis or if the gross appearance 
was that of tuberculosis. In the cases in which 
a frozen section was not done, the routine 
tissue sections were positive for tuberculosis 
in all cases. 

Some patients in poor general condition 
were given a preliminary rest period of 4 to 6 
months at the Country Branch of the Hospi- 
tal. One 3% year old patient came in with a 
markedly swollen ankle and 6 profusely drain- 
ing sinuses. The attending surgeon made the 
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following note. “Treatment is not easy to 
decide upon. It might be advisable to perform 
a midleg amputation now in view of the child’s 
poor general condition. The extensive disease 
in the tarsus will make arthrodesis difficult 
and questionable.” This patient was given 10 
months bed rest at the Country Branch of the 
Hospital, following which both an ankle and a 
talocalcaneal arthrodesis was done. It is now 
5 years since the operation, and the result is 
classified as excellent. 

The general condition of these patients re- 
mained good during the period of observation. 
One patient was transferred to another hospi- 
tal because of possible pulmonary tuberculosis. 
This patient also had tuberculosis of the hip 
joint. There was no evidence in this group of 
cases that arthrodesing operations were fol- 
lowed by any ill effects or by any further 
dissemination of tuberculosis to other parts of 
the body. On the contrary, the results of 
fusion had a favorable effect on the general 
health and well being of these patients. Be- 
cause tuberculosis is a generalized disease, and 
its total effect on the body is a result of the 
virulence and severity of the infection plus the 
resistance offered, it would hardly seem logical 
that a surgical procedure of this type would 
have any untoward effects. 

I cannot emphasize too strongly the excel- 
lent gait that these patients have, following 
a successful fusion. It is a popular misconcep- 


tion that an ankle fusion results in consider- 
able disability. This is not true if the ankle is 
fused in a position of approximately 100 de- 
grees dorsiflexion in male patients and 105 
degrees dorsiflexion in female patients and a 
heel elevation used which corresponds to this 
degree of dorsiflexion. With a proper heel ele- 
vation it is not possible to tell from the gait 
alone that these patients have a stiff ankle. 


CONCLUSION 


1. Arthrodesis is the treatment of choice for 
tuberculosis of the ankle and talocalcaneal 
joint regardless of age. This procedure very 
often gives an excellent clinical result, with- 
out evidence of disability. 

2. In younger patients with extensive bone 
destruction or in poor general condition, a 
preliminary rest period of 4 to 6 months may 
be advisable. 

3. The average period of disability when this 
form of treatment is used is much less than 
when a conservative regimen is followed. 

4. Amputation is rarely if ever indicated in 
the treatment of tuberculosis of the ankle. 
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SOME MANIFESTATIONS OF REGIONAL ILEITIS 
OBSERVED SIGMOIDOSCOPICALLY 


RAYMOND J. JACKMAN, M.D., and NEWTON D. SMITH, M.D., Rochester, Minnesota 


ELATIVELY little attention has been 
given in the literature to the anorectal 
findings in cases of regional ileitis. Ever 
since 1932, when Crohn and his co- 

workers established regional ileitis as an entity, 
we have been impressed with the frequency of 
certain anorectal manifestations of the disease. 
We reviewed the records of 114 consecutive cases 
of regional ileitis in which the diagnosis was made 
by roentgenologic examination and confirmed by 
exploration and in which sigmoidoscopic examina- 
tions were made. The purpose of the review was 
to note the lesions of the lower part of the bowel 
which are more or less peculiar to the disease. 
We found the following conditions to be char- 
acteristic: (1) anal abscess and anal fistula, (2) 
extrarectal mass, (3) anal ulceration and anal 
contraction. One other condition, ulceration of 
the lower part of the bowel, was found in a few 
cases after short circuiting operations. 


ANAL ABSCESS AND ANAL FISTULA 


Much attention has been called to the tendency 
to fistulization in regional ileitis; that is, fistulas 
tend to originate in the involved ileum and 
terminate in the abdominal wall or an adjacent 
viscus. In 1938, Penner and Crohn pointed out 
that this tendency to fistulization also gave rise to 
anal fistula and that, in many instances, the first 
clinical manifestation of the disease might be 
anal abscess or anal fistula. ‘This manifestation 
might even precede consciousness on the part of 
the patient that intestinal function was disturbed. 
Eight, or 14 per cent, of Penner and Crohn’s 50 
patients had anal fistula. 

Thirty-six, 31.6 per cent, of our 114 patients had 
anal abscess or anal fistula, or they gave a his- 
tory of having had an operation for anal fistula 
within a period of 3 years prior to their visit to 
the Mayo Clinic. This is more than twice the in- 
cidence reported by Penner and Crohn, but they 
pointed out, and we agree, that unless the patient 
is carefully questioned, past or present existence 
of the condition may easily be overlooked. 

Eight, 7 per cent, of the 114 patients with re- 
gional ileitis came to the clinic primarily because 


From the Section on Proctology, Mayo Clinic. 


of anal fistula. The regional ileitis was so mild 
that the patient was not conscious of any in- 
testinal disturbance. In 6 of these 8 cases anal 
fistulectomy was performed without awareness 
of the regional ileitis being aroused. The regional 
ileitis was discovered subsequently, within a year 
or two, when symptoms of the intestinal dis- 
turbance appeared. Study of these cases and also 
of the cases in which operation was performed 
elsewhere indicates that with increased alertness 
to the possibility of coexistence of the two con- 
ditions, even more cases of regional ileitis could 
be found among patients whose primary com- 
plaint is anal abscess or anal fistula. 


EXTRARECTAL MASS 


A mass was palpable in the rectovesical or 
rectouterine space in 20, or 17.5 per cent, of the 
114 cases. This mass, of course, represents an 
involved segment of diseased ileum, perhaps com- 
plicated by pelvic peritonitis and diffuse fistulous 
tracts. An extrarectal or pelvic mass is generally 
recognized as being a frequent finding in cases of 
regional ileitis; its presence is mentioned here only 
for emphasis (1). Recently we studied the nature 
of extrarectal masses, produced by lesions of the 
colon or small intestine, in 58 cases. We found 
that in 29 cases the extrarectal mass was due to 
carcinoma of the colon. In 26 cases it was due 
to diverticulitis. In only 3 cases was it due to 
regional ileitis. Therefore, if all conditions which 
will produce extrarectal masses are taken into 
consideration, regional ileitis accounts for only a 
small percentage. 


ANAL ULCERATION AND ANAL CONTRACTION 


Considering the nature of the infected ileal con- 
tent which is transported to the anal region and 
the vulnerability of the anal crypts to infection, 
inflammatory reactions aside from abscess and 
fistula should be common. Nine, 7.8 per cent, 
of the 114 patients studied had anal ulcerations or 
anal contracture. 


ULCERATION IN LOWER PART OF THE BOWEL AFTER 
SHORT CIRCUITING OPERATIONS 

On sigmoidoscopic examination of 4 patients, 

3-5 per cent of the group, 1 to 2 years after short 
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circuiting operations, ulcerations were found in 
the lower part of the bowel. These operative pro- 
cedures consisted of some type of short circuiting 
operation, such as ileosigmoidostomy and resec- 
tion of the diseased portion of the ileum. On 
sigmoidoscopic examination from 1 to 2 years 
later, ulceration of the mucosa of the bowel near 
the site of ileal anastomosis was observed. The 
ulcers were 2 to 3 centimeters in diameter, super- 
ficial, and had irregular margins. They were 
solitary in all but 1 case; in this case 2 ulcers were 
seen on sigmoidoscopic examination. Their 
presence somali indicates return of the in- 
fectious process. 


SUMMARY 


One hundred fourteen consecutive patients 
with regional ileitis, all of whom underwent 
sigmoidoscopic examination, were studied to de- 
termine the anorectal manifestations of the dis- 
ease. Thirty-six patients, 31.6 per cent, had an 
anal abscess or anal fistula or gave a history of 
having had an operation for anal fistula. The main 
complaint of 8 of these 36 patients was anal 
fistula; the regional ileitis remained undiscovered 
until a later date. In examination of 17.5 per 
cent of this group of 114 patients, an extrarectal 
mass was found. Anal ulceration, or a con- 


tracted anal outlet, was found at examination of 
7.8 per cent of the patients. Three and five- 
tenths per cent had ulceration of the lower part 
of the bowel after short circuiting operations and 
resection of the diseased portion of the bowel. 


INFERENCES 


1. An anal abscess or anal fistula is frequently 
the factor which will bring a patient with regional 
ileitis to his physician. 

2. If the patient is a young adult with any 
vague intestina] disturbance, the presence of an 
anal fistula or the history of an abscess or fistula 
should lead the clinician to investigate the small 
bowel for regional ileitis. 

3. Any patient who has an anal fistula is en- 
titled to a proctoscopic examination and, if ab- 
dominal symptoms coexist, to roentgenologic ex- 
amination of the large and small intestine. 

4. Regional ileitis should be considered as a 
possible cause of any extrarectal mass of unde- 
termined cause. 
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THE EFFECT OF ESTROGENIC SUBSTANCE UPON UTERINE 
MOTILITY DURING LATE PREGNANCY 


An Analysis of 153 Observations Made with the Lorand Tocograph 


DOUGLAS P. MURPHY, M.D., F.A.C.S., Philadelphia, Pennsylvania 


OW to treat primary uterine inertia 
satisfactorily continues to be a press- 
ing obstetrical problem. Because the 
commonly used oxytocic drugs fre- 

quently fail to remedy this condition, the study of 
any substance which has been shown to influence 
uterine motility would seem to have merit. 

Animal experiments have demonstrated that 
estrogenic material will increase uterine activity 
and likewise render the pregnant uterus more 
responsive to the oxytocic principle of the poste- 
rior pituitary gland (6). The human uterus also 
reacts to the administration of estrogens. Pa- 
tients suffering from gonorrheal vaginitis have 
experienced uterine cramps following treatment 
with this material (6); furthermore, obstetri- 
cians have reported improved labor following the 
administration of estrogenic substance to pa- 
tients suffering from primary inertia (1, 3). 

One observer, using external hysterography, 
has recorded the effect of estrogenic substance 
upon the human uterus during labor (2). He 
found that the drug was inconstant in its action. 
The number of his observations was small, and his 
evidence that the material had an oxytocic effect 
was not entirely convincing. 

Such observations as these—based upon either 
subjective, uncontrolled, or inconclusive evi- 
dence—suggested a reinvestigation of the oxy- 
tocic property of estrogenic substance. For our 
study it was considered advisable to utilize pa- 
tients who were not in labor, in order to have a 
test organ which was relatively quiescent. 


MATERIALS AND METHODS 


Thirty-nine women residing in two Philadelphia 
maternity homes were studied. Their uterine 
activity and reactivity were registered with a 
Lérand tocograph (4, 5). With this instrument 
we secured 153 sets of observations upon the 
effect of estrogenic substance on the pregnant 
uterus, and 1g sets of control observations. All 

From the Gynecean Hospital Institute of Gynecologic Research, 
oe of Obstetrics and Gynecology, University of Penn- 


, Aided in part by a grant from Ciba Pharmaceutical Products, 
nc. 


of these were made between the 23d week of 
pregnancy and labor. A set of observations con- 
sisted of 2 tocographic tracings of a given indi- 
vidual on the same day. 

Estrogenic material was administered in sesame 
oil. Two preparations of a-estradiol were used. 
One form, the dipropionic ester of estradiol, was 
administered in a dose of either 0.5 milligram or 
1 milligram; the other form, the nonesterified 
material (i.e., plain a-estradiol), was given in a 
dose of 0.354 milligram, which is the molecular 
equivalent of a dose of 0.5 milligram of estradiol 
dipropionate. 

Eight control observations followed the ad- 
ministration of sesame oil alone and 11 were 
made upon patients who received neither sesame 
oil nor estrogenic substance. 

The observations were carried out in the follow- 
ing manner. The patient rested upon her bed for 
10 minutes. The tocograph was then placed upon 
her abdomen. Spontaneous uterine activity was 
recorded for the following 15 minutes. The toco- 
graph was then removed and the drug was ad- 
ministered. Each dose, in 1 cubic centimeter of 
sesame oil, was injected intramuscularly in the 
upper arm. After a predetermined interval of 
time had elapsed, the tocograph was replaced and 
a 20 minute record of uterine reactivity was made. 

The effectiveness of the treatment was meas- 
ured in terms of its ability to increase, either, (1) 
the tonus of the uterus; or (2) the frequency, 
strength, duration, or rhythmicity of the inter- 


TABLE I.—INFLUENCE OF DURATION OF PREG- 
NANCY UPON INCIDENCE OF UTERINE RE- 
SPONSE TO ESTROGENIC SUBSTANCE 


Observations 
Showing responses 


Num- um- ‘er 
Duration of pregnancy ber ber cent 
Weeks 
MPU ig Grace oravemue sin 5 en 3 ° ° 
RE ere rete 6 ° ° 
WME esa Sik Ra eae 8 2 25 
MEN orci ck scvistyiscvritniaimes eo oreiers 55 20 30 
MM cc cog iops RE eeleae aehie 81 40° 49 
, Rs Sse errs ee 153 62 


446 








sec 
a-es 
No 
hig 
regi 
ind 


gra 


of 

an 
chi 
dit 
do: 
sta 


Ho 
Un 


QM & Ww WY b&b 


INE 


eek of 
1S Con- 
1 indi- 


sesame 
- used. 
1, was 
ram or 
erified 
n ina 
lecular 
tradiol 


1e ad- 
were 
sesame 


follow- 
ed for 
1 upon 
ly was 
> toco- 
as ad- 
eter of 
in the 
val of 
ed and 
made. 
meas- 
er, (1) 
uency, 
inter- 


PREG- 
‘E RE- 


responses 
P 


cent 


25 
30 
49 








MURPHY: ESTROGENIC SUBSTANCE AND UTERINE MOTILITY 447 


a oe a 





A Fig. 1. B 
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A Fig. 2. B 


Fig. 1. Tracing of uterine motility of patient I. M. 
secured 6 days before labor. Dose of 0.5 milligram of 
a-estradiol dipropionate administered at end of tracing A. 
Note in tracing B that the uterine tonus is very much 
higher than in tracing A. Vertical strokes in tracing B 
register active fetal movement. Break between A and B 
indicates 24 hour interval. 


mittent contractions. The results are presented 
graphically and statistically. 


RESULTS 


Of the 153 sets of observations upon the effect 
of both compounds, 62, or 40 per cent, registered 
an increase, irrespective of dosage, in one or more 
characteristics of uterine activity. The a-estradiol 
dipropionate was administered 112 times in a 
dose of o.5 milligram. In 45, or 40 per cent, in- 
stances a positive effect was recorded. In 36 cases 
the a-estradiol dipropionate was administered 
in a dose of 1.0 milligram. In 15, or 41 per cent, 
instances a positive response was noted. 

The plain a-estradiol was administered 5 times 
in a dose of 0.354 milligram. A positive response 
was observed twice, 40 per cent. Therefore, the 
incidence of uterine response to estrogenic sub- 
stance appeared to be independent of the form 
in which the drug was given or its dose. 

The 153 sets of observations dealing with the 
administration of both compounds are sum- 


TABLE II.—INFLUENCE OF INTERVAL BETWEEN 
INJECTION AND OBSERVATION UPON INCI- 
DENCE OF UTERINE RESPONSE TO ESTRO- 
GENIC SUBSTANCE 


Observations 
Showing responses 


Interval bet ween injection and Num- Num- Per 
observation ber ber cent 
Hours 
nh, SE ee Te 4 I 25 
“Eth eter Hvenete gee eae 32 14 44 
Reiieccs che v3 Lie e ceria 43 18 42 
ane Re eet 27 II 41 
ee ere eiesier 31 13 42 
cen: eae eee IO 2 20 
Soaines eich gua Resa cra ore pare 5 3 60 
Diss aeae we ee oe es I ° ° 
ss So arnoucecs 153 62 


Fig. 2. Tracing of patient I. M. (Fig. 1) 4 days before 
labor. Dose of 0.5 milligram of a-estradiol dipropionate 
administered at end of tracing A. Note the increase in 
tonus in tracing B, following treatment. This increase 
occurred although the original tonus was higher than it 
was 2 days previously (tracing A, Fig. 1). Break in tracing 
indicates 2)% hour interval. 


marized in Table I, according to the duration of 
pregnancy at the time that the treatments were 
given. No contractile response was observed 
prior to the 29th week of pregnancy. After the 
28th week, the longer the duration of pregnancy, 
the larger was the number of responses, but at 
the very end of pregnancy, only about one-half 
of the tracings recorded a positive response. 

The 153 sets of observations are summarized in 
Table II according to the interval between treat- 
ment and the time that observation of uterine re- 
activity was begun. The positive responses were 
observed with about equal frequency from 1 to 3 
hours after treatment. 

Table III records the character of the positive 
responses. The drug influenced both tonus and 
the intermittent contractions, the latter slightly 
more often than the former. 

Table IV records the influence of the drug upon 
the character of the intermittent contractions. 
The magnitude of all characteristics was in- 
creased, especially that of frequency and of 
strength. 

Control observations. The uterine motility of 
19 control patients was recorded for a period of 
15 minutes, followed by a second record of 20 
minutes, at the end of 2 hours. Following their 


TABLE III.—TYPE OF UTERINE 
RESPONSE TO ESTROGENIC SUBSTANCE 


Oheerretions 
Num Per 
Type of response Number ber cent 
eee 153 51 33 
| err 153 36 23 
Contractions affected and not 
ee Srna 153 26 17 
Tonus affected and not 
CONMIRCUIONS. ... o.0c00csiecs 153 II 7 


Both tonus and contractions. 153 25 16 
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Fig. 3. Tracing of uterine motility of patient G. J. se- 
cured 39 days before labor. Dose of o.5 milligram of 
a-estradiol dipropionate administered at end of tracing A. 
Note in tracing B an increase in the frequency and in the 
strength of the intermittent contractions, with no ac- 
companying increase in tonus. Break between A and B 
indicates 244 hour interval. 


first tracings, 8 individuals received 1 cubic centi- 
meter of sesame oil containing no estrogenic 
substance. The remaining 11 patients received 
no treatment of any kind. In neither group of ob- 
servations did the second tracing show an in- 
crease in activity over that noted in the first 
tracing. 

Graphic observations: Effect primarily upon 
tonus. Patient I. M. supplied tracings 2,243-A 
and B, and 2,247-A and B (Figs. 1 and 2). The 
tracings in Figure 1 were secured 6 days before 
labor. Immediately following tracing A the pa- 
tient received o.5 milligram of a-estradiol dipro- 
pionate. Tracing B was started 2% hours after 
treatment. 

The tracings in Figure 2 were made 4 days be- 
fore labor. The kind of drug, its dose, and the 
interval between treatment and observation 
_ were the same as for the tracings in Figure 1. 

These two sets of observations indicate that an 
increase in tonus followed treatment, with no 
appreciable coincident effect upon the character 
of the intermittent contractions. Increase in 
tonus is indicated by elevation of the valley level 
of the intermittent contraction waves above the 
base line. 

Effect upon contractions. Patient G. J., on the 
39th day before labor, received 0.5 milligram of 
a-estradiol dipropionate immediately after trac- 
ing 2,204-A was made (Fig. 3). Tracing B was 
begun 2% hours after treatment. Note in the 


TABLE IV.—INFLUENCE OF ESTROGENIC SUB- 
STANCE UPON INTERMITTENT UTERINE CON- 


TRACTIONS 
Observations 
Showing responses* 

Num- Num- Per 

Characteristic of contractions ber ber cent 
a errr 51 45 88 
ree tte 51 41 80 
IAS ecey ae 51 38 74 
en ee 51 33 64 


*Response represented by an increase of the characteristic. 


Fig. 4. 


B 


Fig. 4. Tracing of uterine motility of patient A. W. se- 
cured 8 days before labor. Dose of 0.5 milligram of a-estra- 
diol dipropionate administered at end of tracing A. In 
tracing B note both an increase in tonus and an improve- 
ment in the rhythmicity of the intermittent contractions. 
Break in tracing between A and B indicates 2% hour 
interval. 


second tracing the increase in activity and the 
change in the pattern of the contractions, which 
occurred without any appreciable alteration in 
tonus. 

Effect upon tonus and contractions. Patient 
A. W., on the goth day before labor, received 0.5 
milligram of a-estradiol dipropionate immedi- 
ately after tracing 2,142-A was made (Fig. 4). 
Tracing B was begun 2 hours after treatment. 
Note in the second tracing the concurrent increase 
in tonus and in rhythmicity of the intermittent 
contractions. 


EVALUATION OF STUDY 


One value of the present study lies in the fact 
that it utilized an objective method for recording 
uterine reactivity. A second value lies in the 
fact that the tocograph supplies a permanent 
record which makes it possible to measure the 
effect of an oxytocic drug quantitatively as well 
as qualitatively. The third value lies in the fact 
that our observations were made upon patients 
who were not in labor. By using them we elimi- 
nated the element of strong and variable contrac- 
tions characteristic of labor, the presence of 
which has a tendency to overshadow the neces- 
sarily weaker contractions induced by an oxytocic 
drug. 

Our observations confirm those of others, 
namely, that estrogenic substance has an oxytocic 
effect upon the pregnant uterus. They indicate 
further that uterine reactivity to the drug is 
variable, both qualitatively and quantitatively, 
and that the incidence of response increases as 
pregnancy advances. Our observations suggest 
that continued study of estrogenic substance is 
necessary before its use in the treatment of pri- 
mary inertia can be placed on a scientific basis. 


SUMMARY 


1. Estrogenic substance in the form of a-estra- 
diol or a-estradiol dipropionate was administered 
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intramuscularly to a series of women who were 
more than 23 weeks pregnant but not in labor. 
Uterine activity and reactivity were registered 
with a Lérand tocograph before and after treat- 
ment. 

2. The estrogenic substance was variable in its 
oxytocic effect. No reaction occurred prior to 
the 29th week of pregnancy. After that time, the 
number of patients who responded increased pro- 
gressively as pregnancy advanced. The estro- 
genic substance increased both uterine tonus and 
the various characteristics of the uterine con- 


tractions, but the nature and degree of the re- 
sponse was unpredictable. 
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PAPILLARY CYSTADENOMA LYMPHOMATOSUM OF THE 
PAROTID GLAND 


DAVID W. ROBINSON, M.D., and MORRIS S. HARLESS, M.D. Captain, M.C., U.S.A., 
Kansas City, Kansas 


RARE tumor within the substance of sali- 
vary glands has been recognized and 
reported frequently enough within the 
past 20 years to be known as a distinct 

pathological entity, although theories of its origin 
are by no means of uniform accord. The neoplasm 
has been called adenolymphoma (Jaffe), onko- 
cytoma (Hamperl, Jaffe), and papillary cystade- 
noma lymphomatosum (Warthin), the latter term 
being most commonly used at present. 

The first case reported was that of Hildebrandt 
(Freshman and Kurland) in 1898, the author con- 
sidering the tumor to be of branchiogenic origin. 
It is highly probable that numerous cervical 
masses considered branchiogenic cysts have actu- 
ally been of the type herein reviewed. Warthin, 
in 1929, reported only 2 cases from several hun- 
dred thousand surgical specimens. In 1932, Jaffe 
had found ar cases in the literature; Carmichael, 
Davie, and Stewart, by 1935, collected 26 re- 
ported cases and added 8 coming under their own 
observation; Harris, 1937, reviewed 41 cases, 
adding 2 of his own; Freshman and Kurland, the 
following year, stated that they had collected 54 
known cases and added another of their own; 
Tuta and Apfelbach have recently added 1 more; 
and Plaut, in July, 1942, summarizes 48 cases in 
the literature and adds 19 more, bringing the 
total reported to 67. 


From the Departments of Pathology and Surgery, University 
of Kansas Hospitals. 


The tumor, itself, is a well encapsulated struc- 
ture in salivary tissue, usually the parotid, 
although less frequently the submaxillary, sub- 
lingual, or buccal glands. A firm fibrous capsule 
separates it from the gland itself. The nodular 
mass is round, oval, coarsely lobulated, or bos- 
selated and is moderately firm but cuts with ease, 
revealing a cut surface smooth or finely granular 
with numerous small cystic spaces. These cysts 
contain a thin serous, milky, or mucilaginous 
fluid often bearing a fine precipitate. 

Histologically, the structure is almost invari- 
ably of a well differentiated type, usually quite 
benign, only 2 of the reported cases showing ma- 
lignant change. The numerous cystic spaces are 
lined by two or three layers of pseudostratified 
columnar epithelium which may be ciliated and 
thrown up into many broad based branching pa- 
pillae. In other cases the luminal epithelial layer 
may be tall, columnar, and nonciliated, while the 
basilar layer is cuboidal. The stroma consists of 
a delicate reticulum, sometimes collagenous, in 
which there are numerous closely packed lympho- 
cytes or follicles with large germinal centers. Ex- 
amination of the cyst fluid reveals a thick homog- 
enous substance bearing lymphocytes, des- 
quamated epithelial cells, fat globules, and occa- 
sional corpora amylacea. 

The multiple theories as to the origin of these 
unusual growths have been well reviewed by 
Kraissl and Stout, Freshman and Kurland, and 
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Fig. 1. Case 1. The cystic spaces are lined by a double 
row of epithelium supported by a lymphoid stroma. The 
spaces are seen to contain a grumose substance bearing a 
few lymphocytes. X8o. 


Oden. The majority of early authors and many 
still today consider the cyst of branchiogenic ori- 
gin. Another popularly accepted belief is the 
blending of lymphoid tissue of the preauricular 
node with a parotid lobule, the resulting mixture 
being separate from the parotid, itself. Warthin, 
postulated a heterotopia or dystopia of pharyn- 
geal entoderm in or about the parotid, the cells 
most closely resembling mucosa of the cartilagi- 
nous portion of the eustachian tube. Harris 
speaks of heterotopic salivary gland epithelium in 
lymphoid tissue. Other theories may be enumer- 
ated briefly: (1) failure of extrusion of lymphoid 
follicles in development of normal salivary tissue; 
(2) misplaced thymic anlage, (3) ectopic tonsillar 
inclusion of pharyngeal ectoderm of 3d or 4th 
branchial pouch; (4) metaplasia of endothelium of 
lymph vessels or lymphoid embryonic rests; (5) 
failure of remnants of undifferentiated salivary 
tissue to fuse with the ductile system; (6) “orbital 
inclusion,” an embryological epithelial structure, 
the fate of which is unknown in man; and (7), 
from onkocytes, peculiar epithelial cells of parotid 
ducts or parenchyma developing in late life, with 
granular character to the cytoplasm, and with 
dense, hyperchromatic, and often indented nuclei 
placed near the lumen. 

Papillary cystadenoma lymphomatosa occurs 
chiefly in men of the 5th and 6th decades. How- 
ever, the youngest case reported was 2% years, 
and the oldest, 92. The occurrence according to 
sex shows a preponderance of males over females 
in the ratio of 6:1. The parotid is involved con- 
siderably more frequently than any other struc- 


ture, the two sides showing about equal incidence. 
The tumor involves most often the lower pole of 
the parotid, is slow growing, and usually painless 
unless growth is rapid, and is not attached to the 
skin, but to the deep structures. According 1o 
Carmichael, Davie, and Stewart, the average pre- 
operative duration is 6 years. The growth may 
vary from 2 to 10 centimeters in diameter. Fun- 
gation and ulceration are rare. As the tumor is 
well encapsulated, it is usually easy to remove. 
Recurrence is quite rare and irradiation therapy 
is of no value. 
CASE REPORTS 

Case 1. J. M., a white male, aged 48 years, was seen in 
the out-patient department of the University of Kansas 
Hospitals, May 16, 1941, complaining of right lumbar pain. 
Incidentally, he mentioned a painless lump of 30 years’ 
duration on his forehead above the eyebrow. It had 
grown slowly until 4 years ago, increasing in size more 
rapidly since, but still painless. Within the past 6 months 
he had a small, hard, nontender mass in his neck just be- 
hind the angle of the left jaw. 

Examination revealed a firm, lobulated, nontender 
growth on the left side of the forehead, 2 centimeters in 
diameter, and 1 centimeter in thickness. It was freely 
movable, not attached to skin or deep structure. Poste- 
rior to the angle of the jaw on the left and in the region of 
the lower pole of the parotid, there was a firm, round, non- 
tender nodule, 1.5 centimeters in diameter, unattached to 
the skin, but firmly adherent to deep structures. 

Considering the growth on the forehead a firm sebaceous 
cyst possibly having undergone epitheliomatous change 
and the cervical nodule, a node probably bearing metastatic 
carcinoma, both were excised June 7, 1941, under local 
anesthesia. No difficulty was encountered except that the 
cervical mass was enclosed in a firm fibrous capsule closely 
adherent to the parotid capsule. Wounds were healed in 
10 days. 

The pathological report came as a surprise: On gross 
inspection, the specimen measured 35 by 17 by 14 milli- 
meters and was covered by a fibrous capsule. A firm area 
18 millimeters in diameter was present, but on section this 
node-like mass revealed a brownish-white cellular structure 
bearing numerous cystic areas, the largest measuring 4 mil- 
limeters in diameter. These spaces contained an amor- 
phous substance having the consistency of cartilage (for- 
malin hardened). 

Microscopical study revealed a glandular and in places a 
papillary-like structure which was lined by a layer of tall 
cylindrical epithelium. In places, this epithelium was cili- 
ated and now and then appeared to be of an embryonic 
type. The stroma supporting this epithelium was of the 
lymphoid type and numerous follicles might be seen, some 
showing germinal centers. In some of the cyst-like spaces 
a mucinous secretion was recognized while in others des- 
quamated epithelial cells and clear staining vacuoles were 
seen. At the periphery of this growth and directly continu- 
ous with it there was some salivary tissue with small ductal 
spaces lined by cuboidal epithelium. Islands of fat cells 
were scattered throughout the salivary tissue. 

The growth removed from the scalp was a typical 
fibroma durum with areas of osseous metaplasia. 

Diagnosis: papillary adenocystoma lymphomatosum of 
salivary gland, probably parotid; fibroma durum of scalp. 

CasE 2. R.H., a white male, aged 46 years, was ad- 
mitted to the University of Kansas Hospitals August 6, 
1940, on the service of Dr. T. G. Orr. He stated that 6 
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Fig. 2. Case 4. The papillary projections of epithelium 
into cystic lumina. The double row of epithelial cells is 
clearly demonstrated and the lymphoid stroma is definite. 
XII0. 


weeks before, while shaving, he noticed a small ‘‘kernel’’ 
just in front of his left ear. It caused him no inconvenience 
or pain and had enlarged only slightly during the 6 weeks 
before admission. 

On examination, a small tumor, 1.5 by 1 centimeter, was 
palpable just anterior to the left external auditory canal 
and extending slightly behind the ascending ramus of the 
mandible. It was firm, nontender, and movable on all 
surfaces except deep over the parotid capsule. Clinical 
diagnosis: parotid tumor. 

The mass was excised under local anesthesia, August 7, 
1940, without difficulty. It was well encapsulated and deep 
within the substance of the parotid extending down behind 
the angle of the jaw in the region of the facial nerve, which 
was not disturbed. 

Grossly, the specimen was spherical, measuring 2.5 by 
2 by 1.5 centimeters. It was gray in color with numerous 
fatty tags on the surface. The mass cut with ease and on 
cut section the tumor was seen to be cystic with a wall 
2 millimeters in thickness. The contained fluid was straw 
colored. Portions of the inner lining.were smooth and 
glistening, other portions were irregular containing small 
papillary granulations which extended inward 1 to 2 milli- 
meters. 

Section through the wall of the cyst showed a thin 
fibrous capsule and an inner lining of epithelial structure 
with papillary processes extending into the lumen. The 
cells were of indefinite epithelial type and were supported 
by abundant lymphoid tissue which rested against some 
glandular duct-like spaces lined by cuboidal epithelium 
and supported by a small amount of fibrous stroma. An 
acute and chronic inflammatory reaction was noted in the 
lymphoid tissue. The sections gave the appearance of some 
embryonic remnant. 

Diagnosis: papillary cystadenoma lymphomatosum of 
parotid gland. 


Fig. 3. Case 4. Study of the epithelium shows the lu- 
minal columnar and basilar cuboidal layers. A suggestion 
of cilia may be seen along the luminal border. The base- 
ment membrane is fairly definite and lymphocytes in the 
stroma may be seen. 550. 


CasE 3. R.M.G.,! a white male, aged 28 years, was 
admitted March 22, 1937, to the service of Dr. William 
Ketchum at St. Joseph’s Hospital, Kansas City, Missouri, 
with the chief complaint of weakness and fatigue, worse in 
the past year. For some time (exact duration not stated) 
he had had a small lump on the right side of the neck which 
varied in size and at times throbbed. Examination showed 
a mass, 3 by 2 centimeters, behind and below the angle of 
the right jaw fixed to the underlying tissues, but not to the 
skin. Pulsation was noted and attributed to the underlying 
vessels. The remainder of the examination, including 
laboratory procedures, was negative. 

Grossly, the mass measured 3 by 2 by 1.5 centimeters 
and showed a rough fibrous capsule. When it was sectioned 
it exuded a creamy purulent material which was smeared 
and cultured; however, it showed no evidence of bacterial 
organisms. 

The histological sections showed a papillary and cystic 
structure in which the trabeculae were made up of varying 
thicknesses of fibrous and lymphoid stroma which was cov- 
ered over by a layer of cylindrical or pavement type of 
epithelial cells. In some places, the cells were tall columnar 
in type, while in others they were oval, round, or polyhe- 
dral and assumed more of a pavement characteristic, sug- 
gesting incompletely differentiated squamous cells. The 

1Dr. Ketchum kindly permitted us to use this case and Dr. 
Russel Kerr, pathologist of St. Joseph’s Hospital, furnished us 
with an abstract of his report. 
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lymphoid tissue was also variable in amount and in some 
fields actual germinal follicles could be seen. Areas of in- 
flammatory reaction were present with an infiltration of 
polymorphonuclear leucocytes, some of which were eosino- 
philic. Desquamated epithelial cells and polymorphonu- 
clear leucocytes could be seen within some of the cystic 
spaces. 

Diagnosis: papillary cystadenoma lymphomatosum of 
the parotid gland. 

Case 4.! A white female, aged 65 years, was seen by Dr. 
E. H. Dellinger of Las Vegas, New Mexico, in April, 1942. 
She complained of a growth in the right side of her neck 
which had been present 3 years, growing slowly. The mass 
was located lateral to the upper pole of the thyroid on the 
right just beneath the deep cervical fascia. It seemed com- 
pletely encapsulated and apparently had no connection 
with the thyroid itself. The mass was removed in its 
entirety. 

The specimen consisted of several nodular pieces of tis- 
sue weighing together 30 grams and the largest measuring 
6 centimeters in diameter. The external surface was 
smooth and resembled serous membrane, with some fibrous 
tags adherent to the capsule. The tissue was firm in con- 
sistency. Cut section revealed a grayish-tan mottled sur- 
face, granular and cystic in appearance with irregular foci 
of yellowish translucent substance. The granular tissue 
resembled thyroid gland with dilated follicles containing 
colloid material. 

Microscopic examination showed lymphoid tissue sup- 
porting numerous irregular anastomosing glandular spaces 
lined by high, cylindrical epithelial cells with oval or round 
nuclei near the free edge. In most places, there was a basi- 
lar layer of cuboidal epithelium along with the marginal 
columnar cells, making a double row resting on a thin base- 
ment membrane. Some of the columnar cells were ciliated. 
The lumina of the cystic spaces contained a grumose 
homogenous substance with an occasional desquamated 
epithelial cell or lymphocyte. Into the lumina of these 
glandular spaces, papillary projections of epithelium stood 
out. Numerous closely packed lymphocytes were present 
everywhere in the stroma and, in some places, typical ger- 
minal follicles were seen. No salivary glandular tissue was 
seen. 

Diagnosis: papilliferous adenocystoma lymphomatosum. 
Not malignant. 


1Dr. Dellinger kindly permitted us to use this case report. 





SURGERY, GYNECOLOGY AND OBSTETRICS 


With the 4 cases herein reported, 71 have now 
been described in the literature. These 4 have all 
been added within the past 5 years from the ex- 
amination of approximately thirty thousand sur- 
gical pathology specimens examined by the pa- 
thology department of the University of Kansas 
School of Medicine and of St. Joseph’s Hospital. 
Since it is only within the past few years, that 
this tumor has been recognized as occurring in 
salivary gland tissue, doubtless many new cases 
will be added to the literature within the next 
few years instead of being forgotten when classi- 
fied as branchiogenic cysts or embryonic rests of 
pharyngeal ectoderm. 

The epithelium lining the cysts of the 4 cases 
reported varied somewhat. All showed the typi- 
cal two layers of cells, the outer columnar and 
basilar cuboidal, but Cases 2 and 3 also, showed 
patchy areas where the epithelium was changing 
over into a squamous type. Two of the cases 
showed ciliated columnar epithelium. Warthin’s 
2 cases had cilia in the lumen of the cysts, but the 
great majority have not. Nothing to suggest 
malignancy was noted in our cases. While of a 
total of 71 now reported, only 2 cases have shown 
malignant change. 
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METASTATIC 


HARRY B. MACEY, 
UMORS involving the sternum are not 
common. Heuer, in 1932, collected from 
the literature a total of only 38 cases in 
which the lesions were reported and de- 

scribed as tumors of the sternum. In this series 

there were 19 primary sarcomas, 3 so called 

fibroid tumors, 3 primary cartilaginous tumors, 1 

gumma, 1 chronic inflammatory lesion, and 6 

metastatic lesions. In the other cases in the series 

the tumor was not diagnosed. Of the metastatic 

lesions, 2 were from carcinomas of the breast, 2 

from hypernephromas, 1 was from a sarcoma of 

the breast, and 1 from a “malignant thyroid 
tumor.” Léw-Beer reported 6 cases in which 
there were destructive lesions of the sternum; in 

these 6 cases, 2 lesions were metastatic from a 

carcinoma of the thyroid, 1 was a metastatic 

lesion from a carcinoma of the breast, 1 was a 

round cell sarcoma, 1 was a syphilitic lesion, and 

1 of the lesions was chronic osteomyelitis with 

sequeStrum. 

Of 18 pulsating neoplasms of the sternum re- 
ported in the literature up to 1936, Crile con- 
cluded that g were probably metastatic hyper- 
nephromas and g were probably metastatic le- 
sions from malignant adenomas of the thyroid. 
Other cases of pulsating tumors of the sternum 
secondary to hypernephromas have been re- 
corded by Roth and Davison and by Lewis. In 
recent years, other cases of sternal tumors have 
been added to the literature; these include 2 
cases of chondrosarcoma (1, 9), 1 gumma (4), 
1 neurofibroma (3), 1 echinococcus cyst (11), 
and an osteomyelitic abscess (7). 

In the files of the Mayo Clinic there are 14 
cases of neoplastic involvement of the sternum: 
4 primary chondrosarcomas, 2 myeloblastic sar- 
comas, 1 endothelioma, and 7 metastatic tumors. 
Of the 7 metastatic tumors, 1 is from a carcinoma 
of the breast, 1 from a carcinoma of the thyroid, 
1 from a carcinoma of the stomach, 1 from a car- 
cinoma of the rectum, 1 from a hypernephroma, 
and 2 are from a possible primary pulmonary 
malignant lesion. It is with these last 2 cases 
that we are concerned in this report, since, to our 
knowledge, no similar cases have been recorded 
as yet in the literature. 


From the Division of Orthopedic Surgery, Mayo Clinic. 
Dr. Phalen, Fellow in Orthopedic Surgery, Mayo Foundation. 
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M.D., and GEORGE S. PHALEN, M.D., Rochester, Minnesota 
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REPORT OF CASES 


CasE 1. The patient, a railroad conductor aged 42 years, 
was seen at the clinic for the first time on September 22, 
1941. He stated that 6 months prior to his coming to the 
clinic, following the extraction of 2 teeth, he had noticed a 
gradual onset of pain over the upper third of the sternum. 
This pain would extend occasionally to the interscapular 
region and was aggravated by any active forceful move- 
ment of the arms. Various medicines and hypodermic in- 
jections prescribed by his local physicians had been in- 
effective in abating the pain, although the pain was lessened 
to some extent by taking 1 or 2 tablets of acetylsalicylic 
acid every 2 hours and by complete relaxation of the shoul- 
der muscles. The patient was not seeking compensation 
although he had been unable to work for 1 month. He 
stated he would “go back to work tomorrow” if he could 
be rid of the pain in his chest. He had lost 10 pounds (4.5 
kgm.) since the onset of his present illness. 

Physical examination gave essentially negative results 
except for considerable tenderness over the sternum at 
the level of the 3d and 4th costal cartilages. There was no 
evidence of swelling, redness, or local elevation of tempera- 
ture in this region. Results of the flocculation test for 
syphilis were negative; the concentration of hemoglobin 
was 12.9 grams per 100 cubic centimeters of blood; leuco- 
cytes numbered 9,v00, and erythrocytes 4,830,000 in each 
cubic millimeter of blood. Several urinalyses showed 
albuminuria grade 1 (on the basis of 1 to 4, in whichr 
designates the mildest and 4 the most severe condition), 
no sugar, an occasional erythrocyte and pyuria grade 2 
(30 cells). A roentgenogram of the thorax, taken to show 
pulmonary detail, was reported as being negative. Roent- 
genograms of the sternum, however, revealed a destructive 
lesion involving the body of the sternum with some sclerosis 
surrounding the lesion (Fig. 1, a and b). From the appear- 
ance of the roentgenograms alone, a diagnosis of osteomye- 
litis of the sternum was made. Roentgenograms of the 
cervical and thoracic portions of the spinal column were 
reported as being negative. 

It was deemed advisable to remove a specimen of 
sternal tissue for microscopic diagnosis. At the time of 
operation, the periosteum of the sternum was found to be 
greatly thickened; there was no evidence of osteomye- 
litis; no purulent exudate or abscess cavities were encoun- 
tered. Microscopic sections of the tissue removed presented 
the picture of an adenocarcinoma grade 4 (Broders’ 
method), possibly metastatic from a primary pulmonary 
malignant lesion (Fig. 2). 

A course of roentgen therapy was given through four 
fields converging on the sternum with a moderate voltage 
technique (130 kilovolts). The total dose was 2,142 r 
measured in air. 

Case 2. A machinist, aged 41 years, was admitted to 
the clinic on November 8, 1939. He stated that in Feb- 
ruary, 1939, he first had noticed the gradual onset of a con- 
stant dull pain behind the lower half of his sternum. This 
pain became progressively worse, with occasional extension 
to the interscapular region. Coughing aggravated the pain; 
compression of the chest by strapping with a towel gave 
some slight relief from pain. The pain was not severe 
enough to keep the patient awake at night. There had 
been no dyspnea, hemoptysis, chills, fever, loss of weight 
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Metastatic adenocarcinoma of the sternum in 
Case 1. a, left, Anteroposterior view and b, lateral view, 
showing a destructive lesion with surrounding sclerosis in 
the upper portion of the body of the sternum. This has the 
appearance of osteomyelitis rather than of a metastatic 
malignant lesion. 


Fig. 1. 


weakness, or anorexia. The patient stated that he felt as 
though he had something behind the sternum that he would 
like to cough up but his efforts to do so were ineffectual. 

In 1937, one week after tonsillectomy, the patient had 
had an attack of acute polyarthritis involving nearly all 
the joints except the fingers. The joints were red, tender, 
and swollen. He was in bed for 3 months, had a high fever 
and chills, and lost 30 pounds (13.6 kgm.). This condition 
resolved spontaneously without any apparent residual 
stiffness of any joint. 

On physical examination there was tenderness over the 
middle third of the sternum with no evidence of swelling, 
redness or increased warmth. Over the left side of the 
occiput was a cystic tumor of the scalp approximately 
5 centimeters in diameter which had been present since 
birth; this was believed to be an epidermoid. 

Results of the urinalysis and of the flocculation test for 
syphilis were negative; the concentration of hemoglobin 
was 15.8 grams per too cubic centimeters of blood; leuco- 
cytes numbered 12,900 in each cubic millimeter of blood; 
the sedimentation rate was 4 millimeters in 1 hour. Two 
examinations of sputum gave negative results for the 
tubercle bacillus. Roentgenograms of the thorax were re- 
ported to show active tuberculosis in the upper lobe of the 
right lung. Roentgenograms of the skull did not show any 
involvement of the bone by the soft tissue mass in the 
occipital region. Roentgenograms of the sternum revealed 
an extensive destructive lesion of the body of the bone with 
some proliferative changes (Fig. 3,a and b). The roent- 
genologist believed that the lesion in the sternum was most 
likely a neoplastic process. 

Several small specimens of tissue were removed from the 
sternum for diagnosis. At operation it was noted that the 
lesion seemed to be productive of new bone. Microscopic 
examination of specimens of tissue removed showed only 
chronic hyperplastic osteomyelitis with periostitis. 

On November 23, 1939, one roentgen treatment was 
given to the sternum with a moderate voltage technique 





Fig. 2. Specimen removed for biopsy from the sternum 
in Case 1. Note the large, irregular, anaplastic epithelial 
cells invading the connective tissue stroma and attempting 
to form acini. 


(130 kilovolts), the dose being 216 r measured in air. The 
lesion was treated on an inflammatory basis. 

The patient returned 3 weeks later to have further 
roentgen therapy. He stated that for a week after the first 
treatment he was almost completely free from pain; then 
there had been a gradual return of the pain. The roentgen 
treatment given at this time consisted of two converging 
beams with the same technical factors as used previously, 
the total dose being 432 r measured in air. 

The patient was seen again on January 19, 1940. He had 
not obtained much relief from the roentgen treatment. 
Examination of the sputum again gave negative results 
for fungi and for the tubercle bacillus; the sedimentation 
rate was 18 millimeters in 1 hour. The results of the first 
strength purified protein derivative tuberculin test and of 
the agglutination test for the organisms of brucellosis were 
negative. Roentgenograms of the sternum showed the 
same extensive destruction of the body of the bone with 
proliferative changes as seen in the previous roentgeno- 
grams (Fig. 3,aandb). Roentgenograms of the chest also 
showed little change from those taken on first admission. 

The patient died at his home on June 19, 1940. Necropsy 
was performed by the local physician, and portions of the 
various organs were sent to Dr. E. T. Bell at the University 
of Minnesota. Dr. Bell reported on the specimens as fol- 
lows: “The lung shows adenocarcinoma, and the bone 
marrow of the sternum is almost entirely replaced by carci- 
nomatous tissue. I am not sure where the primary growth 
is situated.” 

In both of these cases there was no palpable 
or demonstrable tumor mass about the sternum. 
The chief complaint in each instance was of a 
constant dull pain over the sternum, occasionally 
extending to the interscapular region, and the 
roentgenogram in each case showed a destructive 
lesion involving the sternal body. In the first 
case a benign lesion—chronic pyogenic osteomye- 
litis—was suspected but was disproved by biopsy, 
while in the second case the original diagnosis of 
a neoplastic lesion of the sternum was not con- 
firmed by biopsy but was proved at necropsy. 
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We realize how difficult it is to be certain that 
the neoplastic lesion of the sternum in these 2 
cases was metastatic from a primary pulmonary 
adenocarcinoma. In Case 1 there was no demon- 
strable evidence of a primary lesion anywhere in 
the body; bronchoscopic examination was not 
performed. The highly malignant and anaplastic 
character of the cancer cells as seen in the micro- 
scopic sections of the specimen taken for biopsy 
also made it very difficult for the pathologist to 
state the origin of the tumor definitely; however, 
the morphological characteristics of the large, 
irregular epithelial cells, together with their abor- 
tive attempts to form acini, make a pathological 
picture which more closely resembles an adeno- 
carcinoma of the lung than a similar tumor of 
any other organ. 

In retrospect, it is a simple matter to presume 
that the ‘‘active pulmonary tuberculosis” which 
was diagnosed roentgenologically in Case 2 was 
in reality a primary carcinoma of the lung. How- 
ever, the location of the lesion—in the periphery 
of the upper lobe of the right lung—and the ap- 
pearance of the lesion in the roentgenogram did 
not warrant any diagnosis other than pulmonary 
tuberculosis. Obviously our biopsy of the sternal 
lesion in this case was not a satisfactory one; 
tissue representative of the underlying patho- 
logical changes was not included in the specimens 
of tissue removed for microscopic examination. 
This stresses the importance of securing an ade- 
quate biopsy material in every case of a destruc- 
tive sternal lesion. In this case a second biopsy 
probably should have been performed, although 
the course of the disease would certainly not have 
been altered by an accurate antemortem diagnosis. 

If biopsy reveals the presence of a metastatic 
malignant lesion within the sternum, it is obvious 
that surgical removal of this bone will neither 
cure the patient nor prolong his life. On the other 
hand, if the tumor, benign or malignant, has 
arisen primarily from the sternum and has not 
extended too widely, an attempt should be made 
to remove the lesion in its entirety. This has been 
done successfully in many cases. Adequate drain- 
age is all that is necessary, asa rule, to heal chronic 
osteomyelitis with formation of abscess; occa- 
sionally it is necessary to remove a large portion 
of the infected bone. Antisyphilitic treatment 
is, of course, all that is necessary to cure the 
rarely encountered sternal gummas. 
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Fig. 3. Metastatic adenocarcinoma of the sternum in 
Case 2. a, left, Anteroposterior view and, b, lateral view, 
showing an extensive destructive lesion of the entire body 
of the sternum with proliferative changes. 


SUMMARY 


We have presented 2 cases of metastatic ma- 
lignant lesions involving the sternum and arising 
possibly from primary pulmonary adenocarci- 
nomas. We wish to stress the importance of taking 
roentgenograms of the sternum in all cases of 
sternal pain. Ifa destructive lesion of the sternum 
is seen in the roentgenogram, an adequate speci- 
men for biopsy must be taken to determine, first, 
the benignancy or malignancy of the condition, 
and second, the feasibility of complete surgical 
extirpation. 
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THE CARBON DIOXIDE SNOW ELECTROCAUTERY 
TECHNIQUE FOR OCCLUSION OF ARTERIES 


Suggested Application to Arteriovenous Angioma of the Brain 


JUDAH EBIN, M.D., 


N an earlier paper (5) a new technique for the 
occlusion of large venous channels for use in 
cases in which conventional methods are not 
adequate has been described. This involves 

the combined use of carbon dioxide snow and the 
electrocautery. The application of this procedure 
to the treatment of venous angioma of the brain 
has been suggested. 

This technique has since been used on arterial 
vessels in the hope that it might be applied to the 
treatment of arteriovenous angioma of the brain. 
In this lesion communication between an artery 
and a vein has been established by a mass of 
abnormal vessels which replaces the normal capil- 
lary bed. These vessels may be arterial, venous, 
or both. Cushing and Bailey have described the 
arteriovenous angioma as a “fairly well circum- 
scribed vascular area composed of manifold, partly 
thinned .and partly thickened vascular trunks 
forming an inextricable coil of dilated and sinuous 
vessels of varied caliber through which the arterial 
blood passes from enlarged entering arteries di- 
rectly into one or more greatly dilated veins of 
exit usually with the production of an audible 
bruit.” The lesion lies on the surface of the brain 
covered by arachnoid and may project deeply into 
it, in the shape of an inverted cone, abutting on the 
ventricle. The vascular mass is most frequently 
encountered in the fields of the middle and poste- 
rior cerebral arteries and the artery of the corpus 
callosum. Increased vascularity of the scalp with 
large and pulsating arteries, hypertrophy of one 
or both carotids and even secondary cardiac hy- 
pertrophy are frequently met with. The changes 
in the cardiovascular system are secondary to in- 
creased blood volume, which results from the 
shunting of arterial blood directly into venous 
channels. 

The arterial supply of the lesion originates in 
surface vessels, although in the fully developed 
angioma the arteriovenous communication may 
be deep and thus not visible in the exposed opera- 
tive field. Two types of arteriovenous angioma as 


From the Department of Neurology, Columbia University 
College of Physicians and Surgeons, and the Neurological Insti- 
tute of New York. 


New York, New York 


seen at operation may be distinguished. In the 
first, both the arterial and venous portions of the 
mass are seen on the surface. The arterial chan- 
nels are the entering arteries, or a communicating 
network partly or completely arterial, or both. 
Venous channels are a communicating network 
partly or completely venous and terminal veins, 
or terminal veins alone. In the second, only the 
venous section of the mass is visible on the sur- 
face, the arteries lying beneath it. The venous 
channels are a purely venous communicating net- 
work and terminal veins, or terminal veins alone. 
The presence of pulsation, thrill and arterial blood 
distinguishes this type from venous angioma. His- 
tologically, nodular overgrowths of the intima and 
leiomyomatous nodules in the media have been 
noted. Hyaline degeneration may occur in the 
walls of the vessels in any of the coats. 

The mode of origin of this lesion is in question. 
It is generally agreed that it is a congenital blood 
vessel malformation rather than a new growth. 
Some believe that it is arteriovenous at first but 
is not activated until middle life. Others think 
that it starts as a venous angioma which is sub- 
sequently arterialized, perhaps as the result of 
trauma. Finally, there are those who believe that 
it may originally be either venous or arteriovenous. 

Present methods of therapy include radiation, 
carotid ligation, decompression, and direct surgi- 
cal attack. Radiation has not resulted in cure 
although amelioration of symptoms and signs has 
been reported. Ligation of the carotid arteries 
has been of limited value. Butsch and Adson are 
of the opinion that it should be used only as a 
last resort in advanced cases. In the presence of 
marked extracranial vascularity, bilateral external 
carotid ligation has been done before osteoplastic 
craniotomy, in order to reduce operative bleeding. 
Subtemporal decompression and the partial de- 
compression afforded by an osteoplastic flap are 
beneficial but only temporarily. Permanent relief 
does not result. 

The principal danger in the surgical approach 
to this lesion is severe bleeding from fragile ves- 
sels. The ligature and the electrocautery have 
been used singly or together. Large vessels have 
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Fig. 1. An artery, 4.5 millimeters in diameter, frozen and coagulated. a, Normal. A, Artery. b, Froz- 
en. c, Application of electrocautery to frozen vessel. C, electrocautery. FA, frozen segment of vessel. 


d, Coagulated. CA, Coagulated segment of vessel. 


been ligated followed by excision of the mass, or 
by electrocoagulation of the smaller channels; the 
electrocautery has also been used alone. These 
methods are hazardous, and severe hemorrhage 
has not infrequently resulted from their use. 
Andrews reported a case in which an excellent 
result followed the injection of boiling water, 
homolateral external carotid ligation, and the ap- 
plication of hot soldering iron points. Dandy has 
presented a series of arteriovenous lesions. In one, 
very large rolandic and sylvian veins were ex- 
posed with a cluster of smaller veins about them. 
Pulsation of the mass and the presence of arterial 
blood indicated that there was an arterial com- 
munication. Ligatures were placed around the 
two large vessels, followed by almost immediate 
rupture of the venous mass between the two ties. 
In a second lesion, similar to the first, ligatures 
were placed about the veins, and the cortex was 
incised in an effort to find the arterial channels. 
These were located and ligated, following which 
the mass was removed. Cushing and Bailey re- 
ported a case of arteriovenous angioma of the 
right occipital lobe in which an attempt was made 
to coagulate the surface of the lesion. Each time 
the cautery was used a vessel which spurted arte- 
rial blood was torn. In Sachs’ case the electro- 
cautery was used successfully on the smaller ves- 
sels. It was then directed at one of the larger 
channels. Even though a low current was used, 
the vessel tore and an extremely severe hemor- 
rhage resulted. Butsch and Adson reported a case 
in which the entering arteries were ligated and the 
vascular mass was coagulated with the electro- 
cautery. A similar case was presented by Gardner. 
Arterial channels were ligated, following which 
the electrocautery was successfully used on the 
vascular mass. In Ray’s case the electrocautery 





(Reduced one-sixth.) 


was used on the angiomatous vessels. The caliber 
of the vascular channels treated in this manner 
was greatly diminished, but few vessels were com- 
pletely occluded. 

The carbon dioxide snow electrocautery tech- 
nique has been used successfully to occlude 6 
femoral arteries in dogs. The idea underlying this 
procedure is identical with that described for ve- 
nous occlusion (5). Application of a block of car- 
bon dioxide snow with moderate pressure empties 
and freezes the vessel; the interposed column of 
blood is eliminated. The apposed walls may then 
be coagulated by the electrocautery without tear- 
ing. The femoral artery in the dog is 4 to 5 milli- 
meters in diameter. Arterial channels in the angi- 
omatous mass of an arteriovenous angioma are 
seldom larger. As reported previously (5), the in- 
ferior vena cava in the cat and the dog have been 
occluded by the same procedure. These vessels 
are 6 and 13 millimeters in diameter, respectively. 
The venous channels of the angiomatous mass and 
the terminal veins are not of greater size. This 
procedure may be of use in the treatment of arte- 
riovenous angioma of the brain. The entering 
arteries might be ligated; the arterial and venous 
portions of the angiomatous mass and the termi- 
nal veins might then be occluded in the manner 
described. 

EQUIPMENT 

A complete description of the equipment may 
be found in the preceding report (5). It includes 
blocks of carbon dioxide snow, cut with a hack 
saw, an Allis or curved clamp with rubber tubirg 
on the prongs for handling the refrigerant, and the 
electrocautery. Both spark-gap and vacuum tube 
machines were employed in these experiments. 
These were the Leibel-Flarsheim portable Bovie 
electrosurgical unit and the Cameron cauteradio 
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Fig. 2. 


a, Normal. V, Vein; A, 


A bleeding artery, 5 millimeters in diameter, frozen and coagulated. 
artery. b, Bleeding. 7, Tear; B, blood. c, Coagulated. 


CA, Coagulated segment of artery. (Reduced one-sixth.) 


model O, respectively. The ball electrode measur- 
ing 5 millimeters in diameter was used on the 
vessels. 

TECHNIQUE 

The procedure is identical with that described 
for the occlusion of veins (5). To occlude a seg- 
ment of artery, a block of carbon dioxide snow 
6 by 2 by 2 centimeters is applied to it with mod- 
erate pressure; this also freezes lateral branches 
for a short distance before they enter the vessel. 
Lateral branches are frozen because it is possible 
for blood to enter the frozen strip through them 
by means of anastomoses with branches given off 
proximal to the frozen segment. After 1 minute 
the refrigerant is removed. The electrocautery is 
then passed back and forth over the middle 3 cen- 
timeters of the frozen segment until coagulation 
and a slight degree of carbonization have occurred. 
Because the walls of arteries are thicker than 
those of veins, the current control is set at a 
slightly higher level for arteries, i.e., 3 in the vac- 
uum tube machine and 40 in the spark-gap ma- 
chine, as compared with 2.5 and 30 to 35, respec- 
tively, for veins. 

During coagulation the two ends of the frozen 
segment and its branches are. watched, and if 
blood appears in them coagulation is stopped and 
the procedure is repeated. Similarly, if blood ap- 
pears in the lumen during coagulation, while the 
ends and branches are still frozen, coagulation is 
stopped. The ends are thawed and the procedure 
is repeated. The presence of blood in the lumen is 
the result of incomplete emptying due to insuffi- 
cient pressure in applying the refrigerant. The 
blood remaining is frozen and then thawed by 
the cautery. 


If cauterization is carried too far, or is continued 
in spite of the presence of blood in the lumen, the 
vessel wall may tear. In that event the segment 
is refrozen and the area about the tear is coagu- 
lated. If the exact location of the laceration is not 
known, the artery is frozen for 15 seconds and 
then allowed to thaw until blood oozes from the 
tear. The segment is then refrozen and the area 
about the laceration is coagulated. 


PATHOLOGY 


The effects of low temperature freezing have 
already been considered in detail (5). The con- 
clusion reached was that low temperature freezing 
in itself does not injure tissue; what little damage 
follows refrigeration with dry ice is the result of 
pressure. The damage to brain tissue is superficial 
and negligible; veins, unaffected by the pressure 
involved, are not injured by the application of 
dry ice. 

In order to study the long term effects of freez- 
ing an artery, a 1 centimeter strip of the femoral 
artery in a dog was frozen with moderate pressure 
for 1 minute. The animal was completely normal 
during the postoperative period. Examination at 
the end of 3 weeks showed that the vessel was 
patent and that there was no sterile reaction or 
infection. On microscopic examination the only 
change seen was a slight separation of the fibers 
of the outer layer of the adventitia. 

In order to study the long term effects of freez- 
ing and coagulating an artery, a 1 centimeter strip 
of the femoral artery in a dog was occluded. After 
operation the animal was normal. After 3 weeks 
the vessel was re-exposed and was found to be still 
occluded. Neither rupture nor canalization had 
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occurred. No evidence of sterile reaction or infec- 
tion was seen. On cross section the lumen was 
seen to be completely obliterated. Microscopic 
examination showed that the vessel wall in all its 
layers had a hyaline appearance as a result of 
coagulation. 
SUMMARY 

The carbon dioxide snow electrocautery tech- 
nique produces permanent closure of both arteries 
and veins. The procedure is such as to do little 
damage to adjacent brain tissue. Application of 
this method to the treatment of arteriovenous 
angioma of the brain is suggested. 
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TOTAL PNEUMONECTOMY 


JULIAN JOHNSON, M.D., D.Sc. (Med.), F.A.C.S., Philadelphia, Pennsylvania 


INE years have passed since there ap- 
peared the first report of a successful 
total pneumonectomy. Since that 
time the operation has been performed 

by a large number of surgeons, and the percentage 
of successful results has been steadily increasing. 
Yet all too often the general practitioner still con- 
siders the operation as too hazardous to contem- 
plate. This idea frequently results in such delay 
in getting the patient to a thoracic surgeon that 
an operation may no longer be feasible. On the 
other hand, it has been found that if total pneu- 
monectomy is done upon patients who are in 
relatively good condition and are suffering from 
no other organic disease, the mortality will be 
reasonably low. 

The conditions which commonly require total 
pneumonectomy are bronchogenic carcinoma and 
extensive unilateral suppurative disease. The 
latter is usually bronchiectasis but may be mul- 
tiple lung abscesses. Pneumonectomy may oc- 
casionally be justifiable for pulmonary tubercu- 
losis. 


DIAGNOSIS 


The early diagnosis of bronchogenic carcinoma 
depends largely upon the physician having a high 
index of suspicion. The common picture is that 
of a man in middle life or over who has a per- 
sistent cough of a few weeks’ duration. The 
expectoration of some bloody sputum is highly 
suggestive. Pain in the chest and loss of weight 
are usually fairly late signs. It is believed, there- 
fore, that every middle aged person who has an 
unexplained cough lasting 4 weeks or longer 
should be examined by x-ray and bronchoscope so 
that a diagnosis of bronchogenic carcinoma may 
be made early, before the late signs of pain and 
weight loss appear. 

Occasionally an early carcinoma may produce 
some bronchial obstruction with resulting ate- 
lectasis. Infection in the atelectatic area makes 
the patient febrile and causes weight loss. The 
extension of the infection to the pleura causes 
pain. Thus the patient may have the late signs 
of bronchogenic carcinoma and yet have a local- 
ized operable lesion. 


From the Surgical Section of the Hospital of the University of 
Pennsylvania, Philadelphia. 


A large majority of bronchogenic carcinomas are 
within reach of the bronchoscope. Thus tissue 
may be removed and a positive diagnosis made by 
microscopy. When the tumor is in the periphery 
of the lung and cannot be reached by bronchos- 
copy, aspiration biopsy frequently will reveal a 
positive diagnosis. It is felt, however, that, if the 
X-ray appearance suggests carcinoma, an explora- 
tory thoracotomy should be done even though a 
positive preoperative diagnosis is not made. Tu- 
mors situated in the periphery of the lung fre- 
quently produce no symptoms until secondary 
infection occurs. Occasionally there may be 
mediastinal metastasis before there is a single 
sign or symptom. In such cases an early diagnosis 
is an impossibility unless the tumor is found at 
an examination made for some other reason. (This 
was the situation in Case 15.) 

Bronchiectasis presents the problem of a com- 
plete diagnosis rather than an early one. A pa- 
tient may have had the disease for years, bringing 
up large amounts of sputum, and because of this 
be set aside by his physician as a hopeless pul- 
monary cripple. On the other hand, careful 
bronchoscopic observations with complete bron- 
chograms may reveal that the disease is entirely 
unilateral. If the entire lung is involved on one 
side and the other is free of disease, pneumo- 
nectomy offers a complete cure. Even when there 
is some bronchiectasis on the other side, pneumo- 
nectomy may often be justified since the patient 
may be greatly improved although not completely 
cured. 

Multiple lung abscesses carry a high mortality 
by any method of treatment. In the event that 
only one lung is involved, pneumonectomy offers 
the greatest chance of cure. It should be resorted 
to as soon as it becomes apparent that the disease 
cannot be brought under control by simple 
drainage. 

A complete diagnosis of a patient who is a 
candidate for pneumonectomy for any reason 
involves the exclusion of other organic disease. 
The most important is heart disease since there 
can be no doubt that the heart is put to a severe 
test during the course of a pneumonectomy. It 
is important that one be aware of its condition 
before considering operation. If the patient has 
severe cardiac disease the idea of pneumonectomy 
had probably best be abandoned. 
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PREOPERATIVE PREPARATION 


When a total pneumonectomy is to be done 
for suppurative disease of the lung it is important 
that the good lung be as free of infection as pos- 
sible. Repeated bronchoscopic aspirations and 
postural drainages may greatly improve the local 
condition and also the patient’s general condition. 
The bronchoscopist must be the judge of when 
the good lung is sufficiently free of inflammation 
to go ahead with the operative procedure. Trou- 
blesome secretion during the postoperative period 
may result in atelectasis and bronchopneumonia. 
For this reason most patients are subjected to 
bronchoscopic aspiration a few hours before ope- 
ration, to decrease the possibility of a spill-over 
during the operative period. 

The usual patient with carcinoma does not 
have enough sputum to make it a major problem, 
so that very little preoperative preparation is 
necessary. However, the patient who has infec- 
tion behind an obstructing carcinoma presents 
more of a problem. The bronchoscopist should 
attempt to free the obstruction to allow drainage 
of the infected area. If the patient’s fever sub- 
sides, certainly his chances of surviving a pneu- 
monectomy are increased. In the event that satis- 
factory drainage cannot be accomplished, one 
must accept the increased risk of operation in the 
presence of acute infection or abandon the pa- 
tient to his well known fate. 

It is the custom of a number of surgeons to 
prepare the patient for pneumonectomy by a pre- 
liminary pneumothorax. This is done with the 
idea of getting the patient accustomed to the 
changed physiology. In the reported series it was 
found that pneumothorax was impossible in a 
number of cases first tried. These patients did 
well in spite of it so that preoperative pneumo- 
thorax was given up thereafter. We are not con- 
vinced that it is a helpful procedure. 

For the last 2 years it has been our custom to 
use sulfonamide therapy for at least 24 hours 
before operation. 


ANESTHESIA 


The thoracic surgeon asks two things of his 
anesthetists other than keeping the patient asleep, 
namely, providing adequate aeration and keeping 
the bronchial tree free of secretions. It is believed 
that this can be accomplished most satisfactorily 
by means of an intratracheal tube. The anesthe- 
tist can then insure adequate aeration and be 
constantly available to aspirate any secretion 
which may escape from the diseased lung into the 
trachea or bronchus during the surgical manipu- 
lation. 
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Whether the anesthetist takes over the pa- 
tient’s respirations entirely is a matter of personal 


preference. This has usually been done in this 
series. In several instances the patient did not 
have a spontaneous respiration for more than 2 
hours. In none of these patients have any dele- 
terious effects been observed as the results of this 
procedure. At times the absence of respiratory 
movements has been greatly appreciated by the 
operator. 


OPERATIVE TECHNIQUE 


When an operation is being carried out in the 
neighborhood of so many vital structures, it is 
extremely important that one should have a 
satisfactory visualization of the operative field. 
Blind dissection should be avoided whenever pos- 
sible. The Crafoord incision, removing the major 
portion of the fifth rib, affords an excellent ex- 
posure. With this incision the mediastinal struc- 
tures can be approached either from front or 
back, and parietal adhesions over almost any por- 
tion of the lung can be cut under direct vision. As 
the experience of the operator increases perhaps 
he can work safely through a smaller incision. An 
incision in the fourth or fifth interspace extending 
from the posterior axillary line to the midline an- 
teriorly has proved to be quite satisfactory in 
recent cases. One or two costal cartilages may be 
cut anteriorly if necessary to give adequate ex- 
posure over the apex of the lung. This incision is 
especially valuable in the patient with suppura- 
tive disease with considerable purulent sputum. 
It is felt that such patients should be placed flat 
on their backs on the operating table to minimize 
the spill-over of secretion from the diseased lung 
into the trachea. The anterior incision in the 
third interspace has been found to be unsatis- 
factory if there are extensive adhesions present, 
especially to the diaphragm. 

The individual ligation of the great vessels and 
the separate closure of the main stem bronchus 
have now been universally adopted, while mass 
ligation and the multiple suture methods using a 
lung tourniquet have been abandoned in most 
clinics. Either heavy silk or catgut ligatures may 
be used on the great vessels. The usual custom is 
to place four ligatures on a great vessel, the mid- 
dle two being suture ties. These two should be 
separated sufficiently so that when the vessel is 
cut between them there is a cuff of about % centi- 
meter on either side. If this is impossible the 
sacrifice should be made on the pulmonary side 
which may be reinforced with a large hemostat. 

Most surgeons close the main stem bronchus 
by the method described by Rienhoff (7) or 
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some variation of it. By this method the posterior 
wall of the bronchus is sutured to the anterior 
wall by three rows of interrupted silk sutures. 
Regardless of the method of closure of the bron- 
chus it has been observed in this series that when 
there was so much infection present that the 
mediastinal pleura was left open, a temporary 
bronchial fistula has always followed. On the 
other hand, when the mediastinal pleura has been 
tightly closed, a bronchial fistula has never been 
recognized. It is of considerable interest, there- 
fore, that Flick, who makes a point of closing the 
mediastinal pleura but who closes the bronchus 
with a single silk tie, has not had one bronchial 
fistula develop. The possibility suggests itself, 
therefore, that the closure of the mediastinal 
pleura is the important thing and that the bron- 
chus stays closed only until the mediastinum is 
well walled off. This has been suggested in some 
of our patients by the expectoration of a little 
mucopurulent material although no _ bronchial 
fistula was recognized. 

Whether the chest cavity should be closed with 
or without drainage depends upon the amount 
of infection present. If a drain is used, it means 
that the patient will have an infected pleural 
cavity which usually must be collapsed by a sub- 
sequent thoracoplasty. If the chest is closed with- 
out drainage and no infection occurs, the period of 
convalescence will be greatly reduced. On the 
other hand, the recent work of Longacre and Jo- 
hansmann suggests that the emphysema resulting 
in the remaining lung if thoracoplasty is not done 
may reach a detrimental degree. It is our feeling, 
therefore, that in the young patient with bron- 
chiectasis for whom a complete cure is expected, 
the chest should be drained for fear of infection 
and a thoracoplasty dene to avoid future trouble 
from emphysema. On the other hand, it is de- 
sirable to close the chest without drainage in the 
patient with carcinoma and thereby avoid the 
morbidity of the subsequent thoracoplasty. 
Such patients are older than those operated upon 
for bronchiectasis and in addition have the con- 
stant threat of a recurrence of the carcinoma. 
Therefore, the period of convalescence should be 
made as short as possible. 

Before the chest wound is closed the second to 
seventh intercostal nerves have been cut or crushed 
on several occasions. This may be done easily 
from the inside of the chest and gives the patient 
a painless wound during the postoperative period. 
It is believed that this procedure is especially 
helpful in elderly patients since it allows them to 
lie on the side operated upon and thereby avoid 
the dependent pulmonary congestion which is 


often so troublesome in these cases. It also allows — 


the patient to cough and is very helpful when post- 
operative secretion is present. 

When the chest is closed without drainage 8 
grams of sulfanilamide is placed in the pleural 
cavity. 


POSTOPERATIVE CARE 


One must expect to give these patients a great 
deal of attention during the postoperative period 
if the mortality rate is to be kept at a minimum. 
Of utmost importance is the maintenance of ade- 
quate aeration. The mediastinal structures must 
not be allowed to shift to the side not operated 
upon, thereby compressing the remaining lung. 
The patient whose chest is closed without drainage 
should be examined at frequent intervals for de- 
viation of the mediastinum. It may be suspected 
because of tachycardia or respiratory distress. It 
may be confirmed by feeling for a shift of the 
trachea in the neck or for a shift of the apex beat. 
A portable x-ray examination should be done in 
case of doubt. Fluid or air should be aspirated at 
intervals if necessary to maintain the medias- 
tinum in the midline or somewhat over to the 
side operated upon. 

The patient whose chest is closed with drain- 
age should have airtight drainage with a constant 
suction of about 7 centimeters of water exerted in 
the pleural cavity. In this way the normal pres- 
sure relationships are maintained in the thorax. 
Over a period of days the mediastinal structures 
will gradually shift to the side operated upon. The 
pleural cavity may be reduced in size to 200 to 
300 cubic centimeters by the shift of the medias- 
tinum, and the elevation of the diaphragm within 
a period of about 1 month after pneumonectomy. 
This usually must be closed by thoracoplasty. 
However, 3 patients in this group had sufficient 
mediastinal shift to close the entire cavity with- 
out thoracoplasty. 

In the patient whose chest is closed without 
drainage the serum in the pleural cavity clots 
and contracts, producing considerable shift of 
the mediastinal structures toward the side ope- 
rated upon. This change reaches its maximum in 
about 6 months. 

The prevention of postoperative atelectasis in 
the remaining lung is of the utmost importance. 
It is essential, therefore, that a free air passage be 
maintained and that any mucus or purulent ma- 
terial be coughed out. The foot of the bed is 
usually elevated and the patient turned on the 
side operated upon for 24 hours. This allows de- 
pendent drainage until the patient is well over his 
anesthesia. Pain was found to be a major problem 
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Pleural 
reflection 


Fig. 1. When the chest is drained after pneumonectomy the apparatus illustrated 
has been used to maintain negative pressure in the pleural cavity. Continuous water 
suction is applied at f. The amount of negative pressure in the chest is controlled by 
the depth of the glass tube below the water at e. By opening the tube at a intermittently, 
it is possible to maintain a pneumothorax rather than a serothorax and thereby avoid 
the danger of spill-over into the other lung in the event that the bronchial stump should 


open. 


in some of the patients in whom the intercostal 
nerves were not cut. It was necessary to find a 
happy medium in morphine dosage between giv- 
ing so much morphine that the cough reflex was 
destroyed, and giving so little that the patient 
could not cough because of pain. On several oc- 
casions it was found necessary to give some mor- 
phine before the patient was sufficiently free of 
pain to cough up the mucus present in the trachea. 
On the other hand, sufficient morphine to make 
the patient comfortable, in at least one instance 
(Case g), resulted in inadequate coughing and 
atelectasis of the right upper lobe on the third 
day after left pneumonectomy. Such a complica- 
tion seriously threatens a patient’s life and may 
be overcome only by the most energetic treat- 
ment. 

It has been our experience, therefore, that 
these patients should be kept lying on the side 
operated upon, thereby giving good drainage of 
the remaining lung. The patient must be en- 
couraged to take deep breaths to keep the lung 
clear and to cough out any mucus or purulent 
material which may be present. A painless wound 
due to crushed intercostal nerves has been found 
to give the patient a tremendous advantage in 
the execution of this plan. 


Oxygen therapy has been used in the form of a 
nasal catheter for about 3 days after operation. 
The catheter is preferable to an oxygen tent be- 
cause it makes nursing simpler and delivers a 
more constant supply of oxygen. The catheter 
should be removed and cleaned at frequent in- 
tervals. The oxygen tent is frequently used in the 
summer because of its cooling effect. 

In 8 patients the wound was closed without 
drainage in the hope of shortening the con- 
valescence, although the patients had infection 
in the lung and were febrile before operation. In 
spite of intensive drug therapy, infection occurred 
in all but 1 instance. When infection becomes 
evident drainage is imperative. This usually 
means that a subsequent thoracoplasty must be 
done to collapse the residual empyema cavity. It 
has been found advisable to wait at least a month 
after pneumonectomy before doing the thoraco- 
plasty. It is desirable not to wait too long, how- 
ever, as the pleura may become so thick and 
scarred that it does not collapse easily. In only 1 
instance did infection occur in the serum pocket 
when the patient had no infection before opera- 
tion. This case of infection was thought to be 
due to an inadequate closure of the mediastinal] 
pleura. 
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Fig. 2. Case 9, 1 year after operation. This roentgeno- 
gram illustrates the late shift of the mediastinum when the 
chest is closed without drainage. The patient now has a 
fibrothorax on the left. Note the barium in the esophagus 
with shift of the mediastinum to the left, and elevation of 
the diaphragm. Also note the enlarged right lung extend- 
ing over to the left side. 


When the chest has been closed without drain- 
age, death may occasionally occur by drowning 
due to the sudden opening of the bronchial stump 
with pouring of serum into the remaining lung. 
To avoid such an occurrence, adequate closure of 
the mediastinal pleura is advocated. Moreover, 
the patient is constantly kept on the side operated 
upon and turned to the back only under super- 
vision. In 2 of our patients whose chest had not 
been drained (Cases 10 and 14), the wound be- 
came infected and a bronchial fistula occurred. 
In each instance this was recognized and the chest 
was drained before serious spill-over occurred, 
probably due to the patient’s having been kept on 
the side operated upon. 

If the patient’s wound has been closed with a 
drain to which constant suction has been applied, 
the chest cavity will still become filled with 
serum since there is an airtight connection be- 
tween the tube and chest wall. Thus, if a bron- 
chial fistula should suddenly develop the patient 
may drown from serum leaking into the trachea. 
This would be most likely, of course, if he was 


lying on the side not operated upon and leas 
likely if he was lying on the side operated upo1 
(this almost occurred in Case 11). The dange: 
may be almost completely avoided, by placing 
a second tube in the chest through which air 
may be allowed to enter the pleural cavity at 
intervals, which in turn allows the constant suc. 
tion to remove the serum from the chest. Thus, a 
pneumothorax rather than a hydrothorax is main. 
tained on the side operated upon. 


MORTALITY 


The mortality of total pneumonectomy has 
been steadily decreasing. It is obvious, however, 
that it must depend upon the type of patient ope- 
rated upon and upon the attentiveness to detail 
in the preoperative and postoperative periods. 

The mortality in the young individual should 
be low whether the operation is for carcinoma or 
suppurative disease. If, however, the suppurative 
disease is bilateral the risk is definitely increased. 
The mortality will of necessity remain fairly high 
in the group of elderly patients with carcinoma, 
primarily because of the associated diseases— 
most common of which is cardiovascular disease. 
The highest mortality will be found in the group 
of patients with infection superimposed upon car- 


* cinoma. 


In the reported group of 20 total pneumonec- 
tomies, there was only 1 death. Thirteen of the 
patients were operated upon for carcinoma, 6 for 
bronchiectasis, and 1 for multiple lung abscesses. 
The low average age of the patients in this series 
undoubtedly is a major factor in the low operative 
mortality. Nevertheless, this group of patients 
certainly demonstrates that total pneumonec- 
tomy is a relatively safe procedure in the patient 
without associated complicating diseases. 

END-RESULTS 

All but 2 of these patients have been operated 
upon within the last 3 years so that end-results 
can hardly be reported. It can be said, however, 
that of the 6 patients operated upon for bron- 
chiectasis having from 300 to 500 cubic centi- 
meters of sputum daily before operation, 3 have 
apparently been cured and now have no cough 
and no evidence of bronchiectasis in the remain- 
ing lung. The other 3 have been greatly im- 
proved but still have occasional expectoration due 
to minimal bronchiectasis in the other lung. The 
patient with multiple lung abscesses has been 
completely cured and has no cough. 

Of the 13 patients with bronchogenic carci- 
noma, 1 died of infection in the hospital, and 2 
died of metastasis within a year. Two have now 





go 
me 
tha 


ecté 
bro! 


left 
spu 
was 
out 
ove 


hav 
don 
she 
abo 
righ 
mo 
the 
cou 
chi 


as | 
cen 
cho 
chi 
dra 
per’ 
tire 


tive 
for 

cen 
chic 
sevi 
sto] 
left 
met 
50 

sho 
ale 
indi 
but 
don 


fror 


duc 
193 
righ 
hen 
met 
hav 
pne 
194 
is n 
rege 


tasi 
cou 
cho 
bro 
of f 
yea 
cen! 
left 





leas! 
Ipor 
nge! 
cing 
air 
y al 
suc: 
uS, a 
lain 


has 
ver, 
ope- 
etail 
a 
ould 
a Or 
itive 
ised. 
high 
yma, 
es— 
ase. 
roup 
car- 


nec- 
the 
) for 
sses. 
eries 
itive 
ents 
mnec- 
tient 


ated 
sults 
over, 
yron- 
enti- 
have 
ough 
1ain- 
im- 
due 
The 
been 


arci- 
nd 2 
now 








JOHNSON: TOTAL 


gone more than 2 years without evidence of 
metastasis, 2 are well after 1 year and 6 for less 
than I year. 


CASE REPORTS 


Case 1. W. H., male, aged 17 years, in whom bronchi- 
ectasis was present for 11 years. The patient had repeated 
bronchoscopic treatments with symptomatic improvement. 
A bronchogram showed extensive bronchiectasis on the 
left. There was about 100 to 200 cubic centimeters of 
sputum daily. A left total pneumonectomy with drainage 
was done on October 2, 1937. The empyema closed with- 
out subsequent thoracoplasty. The patient is now well 
over 4 years with no cough. 

CasE 2. E. M., female, aged 30 years, was found to 
have bronchiectasis in 1926. A right thoracoplasty was 
done elsewhere in 1932. She was seen by us in 1937 when 
she had severe bronchiectasis on the right side. There was 
about 290 to 300 cubic centimeters of sputum daily. A 
right total pneumonectomy was done in three stages, re- 
moving one lobe at a time by the multiple suture method, 
the last operation, on October 22, 1938. At her worst she 
coughs up 30 to 40 cubic centimeters of pus a day. A bron- 
chial fistula was present for months but is now closed. 

CASE 3. J. K., male, aged 33 years, had coughed as long 
as he could remember. He had brought up 300 to 400 cubic 
centimeters of pus daily for the last 4 or 5 years. A bron- 
chogram was normal on the right, but showed severe bron- 
chiectasis on the left. A total left pneumonectomy with 
drainage was done on July 5, 1939. Thoracoplasty was 
performed on August 30, 1939. The patient has been en- 
tirely well with no cough since the operation. 

Case 4. E. W., female, aged 26 years, had had produc- 
tive cough for 10 years. There was hemoptysis at intervals 
for 3 to 4 years. The daily sputum was about 100 cubic 
centimeters. An incomplete bronchogram showed bron- 
chiectasis in the left lower lobe. She was first seen by us in 
severe hemorrhage. A pneumothorax was required to 
stop it. Without the lung being allowed to re-expand, a 
left lower lobectomy was done by the multiple suture 
method on October 21, 1938. The patient still had about 
50 cubic centimeters of sputum daily. A bronchogram 
showed bronchiectasis in the left upper lobe. Therefore, 
a left upper lobectomy was done on September 6, 1940 by 
individual ligation without drainage. The bronchus opened 
but the pleural space was walled off. A thoracoplasty was 
done after drainage of the cavity. She still has some cough 
from minimum bronchiectasis in the remaining lung. 

CasE 5. M. M., female, aged 36 years, had had a pro- 
ductive cough since a right-sided pneumonia in January, 
1939. A bronchogram showed severe bronchiectasis in the 
right upper and lower lobes. There were several severe 
hemorrhages. There were about 300 to 400 cubic centi- 
meters of sputum daily. She weighed only 90 pounds, 
having lost 70 pounds during her illness. A right total 
pneumonectomy with drainage was done on October 28, 
1940, and a thoracoplasty on January 3, 1941. The wound 
is now closed. She is perfectly well with no cough and has 
regained her normal weight. 

CasE 6. J. P., male, aged 22 years, had had bronchiec- 
tasis for about 10 years. When first seen by us in 1939, he 
coughed up about 500 cubic centimeters of pus daily. Bron- 
chogram showed extensive disease on the left and minimal 
bronchiectasis on the right. There were frequently periods 
of fever with a friction rub on the right. After almost 2 
years’ treatment the sputum was reduced to 200 cubic 
centimeters a day and the right lung was fairly clean. A 
left pneumonectomy without drainage was done October 
(, 1941. The serum pocket became infected and required 
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Fig. 3. Case 13, 1 year after operation. This roentgeno- 
gram illustrates the closure of a total empyema cavity 
without the aid of a thoracoplasty. Note barium in the 
esophagus showing the tremendous shift of the medias- 
tinum which allowed the cavity to close. This case is ex- 
ceptional in that a thoracoplasty must usually be done to 
close the cavity. 


drainage. A thoracoplasty was done on January 19, 1942. 
The patient has very little cough and almost no sputum. 

Case 7. V. D., female, aged 41 years, had epilepsy for 6 
years. The productive cough started in June, 1939. There 
were several small hemorrhages. She was seen by us in 
October, 1939, and 2 abscesses were seen by x-ray film in 
the right upper lobe. These were drained on November 1 
and 11, 1939. A third abscess was found in the right middle 
lobe and drained February 9, 1940. A fourth abscess was 
found in the right lower lobe and drained on April 17, 1940. 
The patient continued to be febrile and a fifth abscess was 
seen by x-ray film. Therefore, a total right pneumonectomy 
with drainage was done on June 10, 1940. A thoracoplasty 
was done on September 17, 1940. The patient is now well 
with no cough. She still has a small draining sinus. 

Case 8. C. L., male, aged 42 years, had had 3 bouts of 
fever and pain in the left chest, diagnosed as pneumonia, 
since January, 1936. He was seen by us in January, 1939 
with complete atelectasis and infection of the left lung due 
to a tumor of the left bronchus. He was given x-ray 
treatment. A bronchoscopic biopsy of this tumor was re- 
garded as a “benign bronchial adenoma.” A left total pneu- 
monectomy without drainage was done on March 8, 1939. 
The surgical specimen was thought to be a spinocellular 
carcinoma. No metastasis to the lymph nodes was found. 
The serum pocket became infected and was drained on 
April 26, 1939. There was evidence of metastasis to the 
right lung and left femur on May 11, 1939. He died of 
cerebral metastasis on June 28, 1939. 
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Fig. 4. Case 14, 6 months after operation. This illus- 
tration shows the closure of a total empyema cavity after 
pneumonectomy by means of a thoracoplasty. Note that 
mediastinum is only moderately shifted to right side. 


CAsE 9. J. H. N., male, aged 48 years, had a cough with 
blood-streaked sputum which started in November, 1939. 
A tumor was removed from the left upper lobe bronchus in 
December, 1938. It was diagnosed as a “benign bronchial 
tumor.” There was a recurrence of symptoms plus pleural 
pain in June, 1939. X-ray examination showed atelectasis 
of a portion of the upper lobe in November, 1939. The 
tumor could not be seen by bronchoscopy but secretion 
was seen coming from the left upper lobe. A left total pneu- 
monectomy without drainage was done on November 7, 
1939. There was a tumor about 2 centimeters in diameter, 
and about nine-tenths outside of the bronchus. The sur- 
gical specimen was regarded as adenocarcinoma of low 
grade malignancy. There was no evidence of lymph node 
metastasis. He has been well for 2 years without evidence 
of metastasis. The mediastinal shift is marked. 

Case 10. A. G., male, aged 31 years, had “grippe” on 
December 1, 1939. There was blood-streaked sputum on 
December 13, 1939. X-ray films showed atelectasis of the 
right lower lobe. Bronchoscopy showed a tumor obstruct- 
ing the lower lobe but extending up to the bifurcation of 
the trachea. A right total pneumonectomy was done on 
January 12, 1940. The microscopic diagnosis was carci- 
noma of basal cell type of low grade malignancy. The serum 
pocket became infected and was drained on January 30, 
1940. The patient ran a fever off and on and lost con- 
siderable weight so that he was never in shape for thoraco- 
plasty until October 4, 1940. He still has a small draining 
sinus but is well and has regained his normal weight. There 
is no evidence of metastasis 2 years after operation. 

CasE 11. D. V., male, aged 39 years, had a cough and 
blood-streaked sputum which were present on August 
8, 1939. In October, 1939, he developed all the signs of 
pneumonia of the right upper lobe. X-ray film showed 





Case 15 before operation. This picture shows 
how large a bronchogenic carcinoma may become with 
absolutely no symptoms. This tumor was known to have 
been present for 7 months. 


Fig. 5. 


complete consolidation of the right upper lobe in Decem- 
ber, 1939. Bronchoscopy showed a tumor of the right upper 
lobe bronchus. It was an adenocarcinoma of grade III 
malignancy. His temperature rose daily to 102 to 104 de- 
grees F. He was operated upon January 3, 1940. The 
right upper lobe was hard as in gray hepatization. There 
were mediastinal metastases. A total right pneumonectomy 
was done as a matter of expediency and 4 or 5 metastatic 
nodes removed from the mediastinum. The chest was 
closed with drainage. The patient was greatly improved 
and was free from fever for the rest of his life. The wound 
was closed without thoracoplasty. The patient died of 
metastasis on September 1, 1940. 

Case 12. F. G., male, aged 40 years, had had a lung 
abscess behind a carcinoma for 3 months when first seen 
by us in September, 1940. He had lost weight from 210 
to 155 pounds. His temperature rose to 102 to 104 de- 
grees daily. The tumor was an undifferentiated carcinoma. 
He was operated upon on October 2, 1940. Gross pus spilled 
in separating the adhesions to get to the mediastinum. 
Metastases were found in the mediastinal lymph nodes. 
Because of the gross contamination of the pleura a total 
left pneumonectomy was done as a matter of expediency. 
The chest was closed with drainage. The patient de- 
veloped overwhelming infection and died of septicemia 
on the 18th postoperative day. 

Case 13. C. H., male, aged 55 years, in whom weakness 
was present for 1 year. There was blood-streaked sputum 
in November, 1940, and a cough developed since then. 
There was a low grade fever. X-ray film showed atelectasis 
of part of the right upper lobe. Bronchoscopy showed a 
tumor of the right upper lobe bronchus extending into the 
right main stem bronchus. A right total pneumonectomy 
without drainage was done on February 3, 1941. The 
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Fig. 6. Case 16 before operation. This roentgenogram 
illustrates that a small lesion may produce symptoms early. 


The lesion shown in the x-ray film was due mainly to 
atelectasis. The tumor obstructing the branch bronchus 


was only about 5 millimeters in diameter. 


tumor was an undifferentiated carcinoma of grade III 
malignancy. No metastasis was seen in the lymph nodes. 
The serum pocket was drained because of infection on 
February 14, 1941. The mediastinum came over enough in 
about 4 months to close the pleural cavity without a 
thoracoplasty. The patient is now apparently well. 

Case 14. C. Y., male, aged 54 years, had recurrent 
attacks of pneumonia in the right lower chest for about 
a year. There was mucopurulent expectoration. Bron- 
choscopy revealed a tumor in the right lower lobe ob- 
structing the bronchus. X-ray film showed no aeration in 
this lobe. The patient was running a low-grade fever. A 
total pneumonectomy was done without drainage on 
March 24, 1941, in spite of mediastinal metastasis. The 
lymph nodes were also removed. Section of the lung 
showed a tumor about 5 centimeters in diameter. It was 
spinocellular carcinoma of grade II malignancy. There 
were large bronchiectatic cavities filled with pus behind 
the obstruction. The resection of the mediastinal lymph 
nodes required a visceral pleural patch to close the media- 
stinal pleura. A thoracotomy was done on April 2, 1941 
because of infection. A thoracoplasty was performed on 
May 7, 1941. The wound is now closed and the patient is 
apparently well. 

CASE 15. R. J., male, aged 40 years, in whom at a 
routine insurance examination a lesion was found by x-ray 
film in the left lung in March, 1941. Since the lesion con- 
tinued to increase in size for the next 6 months, he was 
referred to us. Bronchoscopy was negative. The patient 
had absolutely no symptoms, but the x-ray film showed 
the characteristic picture of a bronchogenic carcinoma. A 
total pneumonectomy was done without drainage on 
September 24, 1941. The tumor was an adenocarcinoma. 
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Fig. 7. Case 17, 1 month after operation. This film 
illustrates that the mediastinum may not be shifted very 
much soon after operation. The chest cavity had not yet 
become completely filled with serum. As the serum clots 
and is absorbed the mediastinal shift gradually increases. 





The patient returned to work in his office 6 weeks after 
operation and has been well since. 

CasE 16. W.M., male, aged 50 years, had a cough for 
2 months witha recent bit of bldod-streaked sputum. X-ray 
film showed a small area of atelectasis in the left upper 
lobe. Bronchoscopy revealed spinocellular carcinoma 
of grade II malignancy. The patient had had no other 
symptoms and was in his normal physical condition. A 
total pneumonectomy without drainage was done on Oc- 
tober 1, 1941. The carcinoma was found to be only about 
4 millimeters in diameter in the upper lobe bronchus. 
The patient has been perfectly well since operation was 
performed. 

Case 17. H. C., male, aged 62 years, had a 2 year history 
of suppurative disease in the left lower lobe. Bronchoscopy 
revealed a stricture of the left lower lobe bronchus with a 
pure culture of Friedlaender’s bacillus. The fifth biopsy 
revealed spinocellular carcinoma of grade II malignancy. 
A. total pneumonectomy without drainage was done on 
November 12, 1941. The patient was discharged appar- 
ently well after 3 weeks. A low grade fever developed 
after about a month. Sulfadiazine therapy kept the infec- 
tion so well under control that drainage was not done 
until February 2, 1942. A thoracoplasty is yet to be done. 

Case 18. R.S., male, aged 63 years, had had a cough for 
1 year, bloody sputum and fever for about 6 weeks, and 
about a 25 pound weight loss in the last 6 months. Diagnosis 
of carcinoma, squamous cell type, in the right lower lobe was 
made by x-ray film and bronchoscopy. Right pneumo- 
nectomy with drainage was done on February 4, 1942. 
Metastatic carcinoma was found in mediastinal lymph 
nodes. Convalescence was uneventful. Thoracoplasty is 
yet to be done. 
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Fig. 8. Case 18, 2 months after operation. The chest 
was drained at the time of operation because of infection. 
The mediastinum is now fixed. The patient is ready for 
thoracoplasty. 


CasE 19. R. C., aged 62 years, had had pain in the right 
upper chest and shoulder for 2 months. X-ray film showed 
a tumor in the apex of the lung; bronchoscopy was nega- 
tive. Exploration on February 20, 1942 revealed an 
adenocarcinoma adherent to parietal pleura. A _ total 
pneumonectomy was possible by removing the parietal 
pleura over the apex of the chest. Enlarged lymph nodes in 
mediastinum proved to be inflammatory. The chest was 
drained due to contamination of wound in removing the 
adherent tumor. The patient has now been free from pain 
and well for 2 months. A thoracoplasty is yet to be done. 

CasE 20. O. J., male, aged 64 years, had had bloody 
sputum for 1 year, pain in the right lower chest for 6 weeks, 
and a 25 pound loss of weight. X-ray examination showed 
a tumor in the right lower lobe. Bronchoscopy revealed a 
squamous cell type of bronchogenic carcinoma. A right 


X 


pneumonectomy was done on February 23, 1942. )o 
metastasis was found in the mediastinum, but the tumor 
was freed with difficulty from the diaphragm. No drainage. 
The convalescence was uneventful. When seen 2 montis 
after operation the patient had gained 15 pounds in weigit 
and appeared well. 


SUMMARY 


1. The only hope of cure for the patient with 
bronchogenic carcinoma is surgical removal of the 
tumor, which usually means total pneumonec- 
tomy. 

2. Total pneumonectomy offers a complete 
cure for the patient with extensive but unilateral 
suppurative disease of the lung. 

3. The preoperative and postoperative care and 
certain points in operative technique have been 
discussed. 

4. The mortality in the young patient should 
be low whether the operation is for carcinoma or 
for suppurative disease. 

5. The mortality will probably remain fairly 
high in the elderly patient with carcinoma asso- 
ciated with other complicating diseases. 

6. Twenty patients are reported upon whom 
total pneumonectomy has been performed with 
only 1 death, a mortality of 5.0 per cent. 
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CHRONIC ARTHRITIS 


H. KELIKIAN, M.D., F.A.C.S., Chicago, Illinois 


RTHRITIS is a vague term. Denoting in- 
flammation as its basic feature, it has 
come to include a multitude of other 
lesions. Joint changes in response to 

allergy, to altered nerve impulse, to metabolic and 
mechanical imbalance and the aftermath of ne- 
crosis and collapse of the articular ends of bones 
have all been lumped under one name, as years 
ago the affections of the stomach were made 
hazy and confused with the now restricted, almost 
obsolete term, gastritis. 


NOMENCLATURE 


One hopes that with newer advances the dis- 
eases of the joint will be sifted and consigned each 
to its proper niche in a scientifically valid scheme 
of classification. At the present state of our 
knowledge, any attempt along these lines would 
be presumptuous; we do not know the cause of 
many joint lesions and there are a few whose 
nature is but vaguely understood. Moreover, a 
classification which would correlate etiological 
factors with corresponding pathological changes 
is as yet unthinkable. Excluding such well defined 
entities as tuberculous arthritis, neurogenic ar- 
thropathies, gout, and a few others, all one can 
say of the nebulous mass of chronic joint disturb- 
ances is that they are either inflammatory in 
nature or are the result of wear and tear, of 
mechanical break-down. To be sure, an inflam- 
matory process involving a joint may eventually 
create mechanical incongruities, and a worn-out 
joint surface may in time become the nidus of 
self-inflicted irritation and set up an inflammatory 
focus. In other words, inflammatory and degener- 
ative joint lesions may converge into one another, 
or even coexist. 

The inflammatory subgroup of chronic arthritis 
has been qualified as atrophic, proliferative, 
rheumatoid, infectious, progressive, multiple, ad- 
hesive, ankylosing, or synovial; when occurring in 
childhood it is referred to as Still’s disease. The 
other variety of chronic arthritis has also ac- 
quired an array of adjectives: hypertrophic, de- 
generative, traumatic, senile, menopausal, and 
chondro-osseous; it is also called osteoarthritis, 
arthrosis, Type II, arthritis deformans ulcerosa, 
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and Heberdene’s nodes. No nomenclature has yet 
been fully agreed upon. The English classification 
designating the two groups as rheumatoid and 
osteoarthritic makes no commitments as to the as 
yet unknown cause of chronic arthritis and, al- 
though it is neither adequate nor descriptive, it is 
the least confusing. From a pathological stand- 
point the adjectives inflammatory and degenera- 
tive perhaps come closest to suggesting the pri- 
mary changes that occur in the two subgroups of 
chronic nonspecific arthritis. 


THE BIOLOGICAL BASIS OF SUBDIVISION 


The salient features of the two types can per- 
haps be brought out by evoking certain basic 
facts. A joint is a connective tissue organ. It con- 
nects and supports parts and passively permits 
motion between them. In its typical form, a 
movable, or diarthritic joint consists of a cavity 
lined by synovial membrane and hyaline cartilage 
which are respectively supported by fibrous cap- 
sule and the articular ends of bones. In their 
evolution from mesoderm these elements follow 
two patterns: one biological, the other morpho- 
logical. Some connective tissue remains relatively 
undifferentiated, hence highly reactive, in the 
external stratum of the synovial membrane and in 
the marrow spaces of the articular ends of bones. 
Specialized, senescent, connective tissue evolves 
as articular cartilage, trabeculae of bone, the sur- 
face layer of the synovial membrane, the liga- 
ments, and the fibrocartilages. Structurally the 
components of the joint are assembled on sound 
mechanical lines so as to insure a given articula- 
tion maximum fulfilment of its function as a unit 
of support or of passive motion. Inflammation 
primarily affects the reactive elements of the 
joint—the external stratum of the synovial mem- 
brane and the marrow contained in subchondral 
cancellous spaces; the specialized connective tis- 
sues—articular cartilage and trabeculae of bone 
in particular—are passively displaced by adjacent 
inflammatory granulations, break down when 
their elasticity is overcome, or degenerate and die 
when their source of nourishment is cut off. In one 
instance, the pathological trend is at the start 
reaction on part of biologically young tissues; in 
the other, the early change is characterized by re- 
gression, or wearing out, of mature, specialized con- 
nective tissue elements of joint (Figs. 1, 2). 
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Fig. 1. 

Figs. 1 and 2. The pattern of evolution of a representa- 
tive joint. 

Fig. 1. Embryonic knee. Photomicrograph of the sagit- 
tal section of a human embryo estimated of 10 weeks intra- 
uterine life. There is definite morphological change with 
the anlage of future bones already shaped. The slits sur- 
rounding the articular ends of femur fuse to form the joint 
cavity. Not as definitely discernible is the biological differ- 
entiation. In certain areas as in the bone marrow, the 
mesodermal tissue remains relatively undifferentiated, 
hence highly reactive; in others, it evolves as specialized 


RHEUMATOID ARTHRITIS 


The basic feature of rheumatoid arthritis is an 
inflammatory reaction on the part of the com- 
paratively undifferentiated. connective tissues, 
and granulations thus formed erode and displace 
specialized elements. The relative vascularity of 
the external stratum of the synovial membrane 
and bone marrow favors here the localization of 
circulating irritants, and in response to the offend- 
ing agent there ensues hyperemia, edema, cellular 
infiltration, exudate, and tissue proliferation. The 
synovial membrane becomes soggy, thickens (syn- 
ovitis); from its loose areolar spaces, tissue fluids 
seep into the joint cavity (hydrarthrosis); when 
cells pass into the articular cavity or are shed off 
there results joint exudate. Later, finger-like proc- 
esses of proliferated tissue project into the joint 
cavity (chronic villous synovitis), or they may 
ever break loose and float in the joint fluid (rice 
bodies, melon seeds). Granulations formed in the 
external layer of the synovial membrane may 
extend into the surrounding structures and cause 





Fig. 2. 


connective tissue, the articular cartilage, for example. It is 
proposed that rheumatoid arthritis primarily involves the 
former and osteoarthritis the latter elements. 

Fig. 2. Adult knee. Frontal view of a surgically opened 
knee of a young girl. Note the smooth, glistening articular 
surfaces. The synovial membrane sends a slip over the 
margin of the articular cartilage leaving its greater cen- 
tral position uncovered. By virtue of its investment the 
marginal cartilage can react and reproduce itself; the 
central portion has little or no power of reactive regen- 
eration. 


them to contract (fibrositis, periarthritic adhe- 
sions, contractures) or, what is perhaps more 
common, they may break through the barrier of 
the internal layer of the synovial membrane, 
creep over the articular cartilage (pannus), erode, 
and destroy it. Usually proliferative activity is 
going on in the marrow at the same time and the 
trabeculae of bone are thinned, displaced (atro- 
phy). The cartilage is attacked from below as well 
and when the opposing cartilages are completely 
eaten away, the granulations contact to form 
adhesions (fibrous ankylosis); ultimately these 
connecting strands may ossify and efface the 
joint completely (bony ankylosis) (Figs. 3 to 10). 

Rheumatoid arthritis does not in all instances 
run through the entire gamut of joint inflam- 
mation. The disease may proceed up to one or 
another phase and then arrest itself. If a mechan- 
ical incongruity has already been created—such as 
eroded articular surfaces, redundant capsule due 
to overdistention, contractures, subluxations— 
the joint may in time break down architecturally 
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Fig. 3. 


CHRONIC ARTHRITIS 


Fig. 4. 


Figs. 3 to 6. Rheumatoid arthritis, active phases of joint inflammation. 

Fig. 3. Hyperemia. Arthrograph of the knee of a patient with fulminant rheumatoid arthritis. 
A few cubic centimeters iodized oil was introduced into the knee and the films were taken 
every twenty minutes. Already in the first plate opaque material was seen impregnating a large 
popliteal node and the lymphatics leading to and away from it. Increased vascularity enhances 


absorption from the joint cavity. 
Fig. 4. 


and evolve into the other form of chronic arthritis. 
Joints which are rich in biologically young, vascu- 
lar, and reactive tissues—joints with extensive 
synovial membrane and bulbous articular ends 
which contain a greater amount of marrow tissue 
—are more likely to be affected by rheumatoid 
arthritis. Thus rheumatoid arthritis predilects 


Edema. Photograph of the hands showing generalized and localized swelling in and 
around the proximal interphalangeal and metacarpophalangeal joints. 


the knees, the elbows, the metacarpophalangeal 
and proximal interphalangeal joints. It has been 
suggested that circulating irritants—bacteria, 
toxins, allergin, etc.,— originating elsewhere in the 
body as in a distant focus of infection, may give 
rise to rheumatoid arthritis. However, this causal 
relationship has not been established beyond the 





Fig. 5. Cellular infiltration. Photomicrograph through 
a section of the synovial membrane. Note the extensive 
agglomeration of cells beneath the synovial surface and the 
bulging of the thickened membrane into the articular 
cavity. 


Fig. 6. Tissue proliferation. Photograph of a segment of 
surgically removed synovial membrane, studded with villi. 
The latter are finger-like processes of thickened tissue on 
the external stratum.of the synovial membrane that invag- 
inate internal zone and protrude into articular cavity. 
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Fig. ro. 


fact that a certain number of arthritics seem to 
benefit from eradication of foci of infection. More- 
over, since some of these patients also suffer from 
myocardial disease, from diminished capillary cir- 
culation, and develop subcutaneous edema and 
nodules, it is also inferred that rheumatoid ar- 
thritis is perhaps a systemic disease involving not 
only joints but other derivatives of mesoderm 
as well (6). 


OSTEOARTHRITIS 


Osteoarthritis occurs most commonly in joints 
that bear the brunt of daily wear and tear, such as 
the right shoulder in a right-handed person; it 
affects weight-bearing joints, as the hip, knees and 


Fig. 8. 


Fig. 9. 

Figs. 7 to 10. Rheumatoid arthritis, destructive and 
reparative trends. 

Fig. 7. Pannus. Photograph of a surgically opened knee 
showing the extension of the synovial membrane over the 
articular cartilage of the femoral condyles. 

Fig. 8. Erosion of articular surface. In this photograph 
of the knee the articular cartilage is further encroached 
upon and eaten away. Marginal granulations are con- 
tinuous with those sprouting from the synovial investment 
of the cruciate ligaments. 

Fig. 9. Ankylosis. Photograph of another surgically 
opened knee. Granulations have contacted and organized 
into scars. The jaws of the retractor are hooked to a tough 
band of adhesions binding the eroded articular surface of 
femur to the corresponding surface of tibia. This type of 
joint would eventually evolve into bony ankylosis. 

Fig. 10. Creation of mechanical incongruity. Photo- 
graph of a surgically opened knee of a woman with long 
standing rheumatoid arthritis. Granulations emanating 
from marginal synovial membrane and from the invest- 
ment of the cruciates have dug deep grooves across the 
femoral condyles and at their periphery. Clinically this 
joint was interlocked and x-ray revealed it to have merged 
into osteoarthritic phase. Note the overhanging and pro- 
truding spurs. 


ankles; and, third, it predilects joints poor in 
blood supply, as the distal interphalangeal joint 
of the hands. Trauma, acute or chronic, is perhaps 
the main causative factor in osteoarthritis. In- 
stances of acute trauma are found in neglected 
meniscal injuries, in capsular or ligamentous 
tears, in subluxations, and in intra-articular frac- 
tures. Chronic trauma may accrue either within 
the joint as a result of loose bodies, or may affect 
the joint indirectly by taxing the lines of stress 
and strain to which a given area of the articular 
cartilage is accustomed. Examples of such indirect 
force causing osteoarthritis are to be found in the 
weight-bearing joints of the obese and in joints 
near mechanical misalignments: flat feet, knock 
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Fig. 11. 

Figs. 11 to 13. Osteoarthritis, causes of degeneration of 
the articular cartilage. 

Figs. 11 and 12. Chronic trauma due to misalignment of 
articular ends and unwonted friction. 

Fig. 11. Photograph at the time of arthrotomy of the 
knee of a man who, 18 months previously, had received a 
depressed fracture of the upper articular end of tibia with 
tilting of the plateau and throwing of a bony promontory 
up against the medial condyle of the femur. Note the slant 
of the weight-bearing surface from side to side and the 
promontory of bone jutting up and impinging against the 
articular surface of the medial condyle of the femur. 


knees, coxa vera, malunited fractures, and par- 
tially arrested epiphyseal growths. Other in- 
stances of chronic trauma are also seen in hallux 
valgus or supraspinatus tendon degeneration 
where the articular cartilage is forced to rub 
against rough, frayed, fibrous, or calcareous sur- 
face instead of a smooth one. Apart from trauma, 


Fig. 14. Fig. 15. 

Figs. 14 to 16. Osteoarthritis, changes accompanying 
mechanical breakdown of the joint. 

Fig. 14. Ulceration of the articular cartilage. Photo- 
graph of the proximal articular surface of the first phalanx 
of the great toe of a woman in late fifties, who, for years, 
had been wearing short shoes and high heels. The cartilage 
is missing in the upper half where greatest pressure was 
borne on account of the retracted toe; the denuded bone 
was worn smooth. 


Fig. 12. 





Fig. 13. 

Fig. 12. The same after the bony promontory had been 
chiseled off. Note the two circumscribed areas on the 
articular surface of the medial condyle of the femur. The 
cartilage here was soft, pitted and had lost its luster, mac- 
erated, as it were, by the abutting bone. 

Fig. 13. Chronic trauma: excessive pressure. Photo- 
graph of the jack-knifed knee, obtained at autopsy, of aman 
whose weight in life exceeded three hundred pounds. Note 
the worn-out ragged areas at points of greatest pressure over 
the articular surface of the femoral condyles. The corre- 
sponding surfaces of tibial plateau, protected as they are by 
the semilunar cartilages, are comparatively unaffected. 


age (prolonged trauma), arteriosclerosis, necrosis 
and collapse of the articular ends of bone, and 
previous inflammation or infection are also re- 
garded as contributing factors to osteoarthritis 
(Figs. 11 to 13). 

In osteoarthritis, the mechanical, the special- 
ized elements of the joint are affected primarily. 





Fig. 16. 

Fig. 15. Epiarticular ecchondrosis. Photograph of the 
sagittal section through the distal articular end of the 
metatarsal bone. The chondro-osteophyte overhangs the 
eroded articular surface and is piled over old bone and the 
remnant of old articular cartilage. 

Fig. 16. Marginal ecchondrosis. Photograph of the sag- 
ittal section of another metatarsal head showing chondro- 
osteophytes which are protruding out from the articular 
surface. 
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Fig. 22. 


Figs. 17 to 33. Surgical measures resorted to in treating 
rheumatoid arthritis. 

Figs. 17 to 21. Skeletal traction to prevent contracture 
and pressure upon undermined articular surface. 

Fig. 17. Photograph of a hand in banjo splint and elastic 
traction attached to a wire passing through the distal 
phalanx of the middle finger of the left hand. 

Fig. 18. X-ray picture of the finger with traction wire in 
situ. The arrow points to the proximal interphalangeal 


The highly differentiated, hence less reactive, 
derivatives of the connective tissue—bone and 
cartilage in particular—bear the brunt of shearing 
and pressure stresses and break down when their 
elasticity is overcome, or when their nourishment 
is interfered with as by diminished blood supply 
which affects the bones, or by scant synovial fluid 
from which the articular cartilage partly derives 
its nourishment. At points of greatest friction or 
pressure the cartilage wears down; it loses its sur- 
face gloss, its resilience, softens and shreds (chon- 
dromalacia); the layer of cartilage nearest the 
joint cavity slowly disappears and the main body 
of the deeper cartilage splits perpendicularly to 
the surface (degeneration); the zone of calcifica- 





joint. The distal articular end of the proximal phalanx 
reveals an area of erosion of the articular surface, probably 
produced by subchondral or marrow granulations. Motion 
was encouraged against elastic traction which was main- 
tained for 2 months. 

Fig. 19. The same, 3 months later with traction wire 
removed. Note that the distal articular cortex of the proxi- 
mal phalanx, previously seen eroded, had been in part 
replaced. 

Fig. 20. Photograph of the hand after the banjo splint 
had been removed. 

Fig. 21. The same with hand closed showing the occlu- 
sion of the middle finger. 

Fig. 22. Capsulotomy is a standard measure for over- 
coming flexion contracture, especially of the knee. It is at 
times supplemented with tenotomy and transposition of 
important nerves. Photograph of the lateral aspect of the 
knee at the time of posterior capsulotomy and section of 
biceps femoris tendon. Peroneal nerve is isolated and 
drawn away with a tape. Note the taut tendon of biceps 
just above it. The blade of the scalpel is inserted into the 
popliteal space; hugging the posterior aspect of the femoral 
condyles it is carried into the knee joint. The biceps tendon 
is subsequently released and the peroneal nerve is displaced 
forward to avoid overstretching while the knee is carried 
into extension. 


tion underneath cracks; the articular cortex of the 
bone is laid bare (arthritis ulcerosa), and denuded 
bone wears smooth by usage (eburnation). Sec- 
ondarily, reactive changes take place in the mar- 
ginal cartilage, in the synovial membrane and in 
the cancellous spaces of the articular ends of 
bones. In adults, the central pressure-bearing 
area of the articular cartilage is devoid of peri- 
chondrium which elsewhere in the body, as in the 
ribs, has the power of reproducing cartilage; the 
marginal portion receives a slip from the synovial 
membrane and can repair itself. In response to 
unwonted stress put upon it by incongruous ar- 
ticular surfaces, the marginal cartilage thickens 
(hypertrophy), swollen areas may bulge out on 
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Fig. 23. 

Figs. 23 to 31. Synovectomy is another standard surgical 
procedure and is especially beneficial in persistant hydrops 
and in chronic villous synovitis. 

Figs. 23 and 24. Synovectomy; the operation. 

Fig. 23. Photograph of the surgically opened right knee 
of a man with rheumatoid arthritis who, 9 years previously, 
had a synovectomy performed on his left knee with a fair 


Fig. 24. 

restoration of function and no recurrence of effusion. Note 
that the synovial membrane is thrown into numerous folds 
and villi and its secreting surface is thus greatly expanded. 
Also observe that the inflamed membrane has grown across 
the articular cartilage and partly eroded it. 

Fig. 24. Photograph of the knee immediately after dis- 
section of turgid thickened synovial membrane. 





Fig. 25. 


Figs. 25 to 28. Synovectomy, postoperative mobilization 
of the joint. This is started 3 days to 2 weeks after synovec- 
tomy, depending upon the degree of pain and the patient’s 
willingness to co-operate. 

Fig. 25. Photograph of an improvised three way traction 
outfit. A 5 to 10 pound weight is applied to an anklet made 
f felt or canvas. The patient forces the knee into flexion 
by means of a rope going over pulleys to a sling under the 


Fig. 27. 

knee. As the perpendicular pull is released another 5 pound 
weight attached to a rope passing through a hole in the 
mattress forces the knee into hyperextension. 

Fig. 26. Close up photograph of the three way traction 
outfit. 

Fig. 27. Photograph of the anklet made of canvas 
instead of the original felt. 

Fig. 28. Photograph of the two way knee sling. 
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Fig. 32. 

Figs. 29 to 31. Synovectomy, functional results. 

Fig. 29. Knees of a woman who underwent bilateral syn- 
ovectomy: the left knee 3 years ago; the right a year ago. 

Fig. 30. Photograph showing the degree of flexion ob- 
tained a year after operation of the right knee. 

Fig. 31. Photograph demonstrating the degree of flexion 
attained 3 years after synovectomy of the left knee. 

Figs. 32 and 33. Erasion of incongruities. This opera- 
tion is not recommended in weight-bearing joints. However, 
if both hips and knees are interlocked or ankylosed it 
becomes expedient to mobilize one knee and opposite hip. 

Fig. 32. Surgically opened knee shown in Figure ro. 

Fig. 33. Same immediately after smoothing out crater- 
like mechanical incongruity, chiseling off osteophytes, and 
marginal synovectomy. Patella was reduced in size and 
reshaped. Some operators remove it completely. 





A. 
Fig. 33. 
Figs. 34 to 40. Surgical measures in osteoarthritis. 
Figs. 34 to 37. Osteotomy is often performed to correct 
flexion deformities in rheumatoid arthritis. In osteoarthri 
tis it is resorted to with the idea of shifting weight-bearing 
points and putting a relatively unworn, mechanically 
sound articular surface under the lines of stress and strain. 

Fig. 34. X-ray picture of the left hip of a woman with 
inadequate acetabulum and osteoarthritis. The right hip 
was similarly affected. 

Fig. 35. The same immediately after osteotomy. Two 
pins were introduced, one into the femoral head, the other 
just beneath the greater trochanter. Intertrochanteric 
osteotomy was performed. The pins were used to maneuver 
the fragments into desired position and were made to cross 
one another outside of the body and were incorporated in a 
short spica cast. Note that the femoral head has been 
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Fig. 34. 

























levered deep into the acetabulum and is somewhat rotated 
anteriorly. The lower fragment is displaced medially. 

Fig. 36. The same 2 months later. Union has already 
taken place and the head of the femur is deep in acetabulum. 

Fig. 37. Composite photograph of the patient a year 
later showing the stability of the left hip and its range of 
motion. This hip had ceased to hurt patient; the right hip, 
as yet untouched for purposes of control, continued to 
cause pain. 

Figs. 38 to 40. Arthrodesis. 

Fig. 38. Photograph of the bowed left knee of a man of 
58 who some 30 years ago injured this knee which became 
markedly swollen. The swelling recurred for years after 
and at the time of examination the capsule of the joint was 
so lax that the knee wabbled from side to side as in a Char- 
cot joint. Motion, however, was painful and there was no 
anteroposterior instability indicating intact cruciates. 

Fig. 39. Photograph of the knee at arthrotomy. Note 
the deep ulcer over the articular surface of the medial 
femoral condyle where most of the weight was borne. 

Fig. 40. Photograph showing the stability of the knee 6 
months after fusion. 
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COMPARISON OF RHEUMATOID ARTHRITIS 
AND OSTEO‘ ARTHRITIS 












































Rheumatoid arthritis Osteoarthritis 
Synony- | Atrophic, proliferative, in- ‘By pertrophic, degenerative, 
mous fectious, inflammatory, etc.| traumatic, senile, etc. 
adjec- 
tive 
Etiolog- | Under 40 years; pale asthe- | Over 40 years; robust labor- 
ical tic women; foci of infec- ers; acute or chronic 
rela- tion trauma 
tions 
System - Fever; leucocytosis; in- Absent 
ic re- creased sedimentation rate 
actions may be present 
Joints | Those rich in primitive con- | W eight-bearing, traumatized 
predi- | nective tissues—joints with| joints and those poor in 
lected extensive synovial mem- circulation, like the distal 
brane and bulbous artic- interphalangeals 
ular ends, like the proxi- 
mal interphalangeals | 
Symp- Pain and stiffness marked; Pain and stiffness relatively 
toms many joints involved. mild; one, or at most, a 
few joints affected 
Pathol- | A) Primary: Inflammation | A) Primary: Wearing down 
ogy | of relatively primitive of specialized elements of 
vascular connective tis- the joint—of cartilage 
sues of the joint—of and underlying bone. 
synovial membrane and | B) Secondary: Reactive 
bone marrow. process at the margins 
B) Secondary: Displace- in the form of spurs. 
a or atrophy of 
ialized elements of 
e joint—of cartilage 
a bony trabeculae 
X-ray Fusiform enlargement of Broadening of articular sur- 
soft part; disappearance of | faces of bones; disappear- 
cartilage space along the ance of the space in cen- 
margins; osteoporosis, tral areas and sclerosis of 
subluxations, contractures,} bone below; spurs, ‘‘cystic 
and anky losis areas,” loose bodies 
Ration- Regard the condition as a Direct attention to the 
al of eer 3 disease and treat joint itself; undertake 
treat- e patient as a whole, re- measures to save it from 
ment sorting to measures that wearing down; better its 
would improve his health; mechanics and the me- 
prevent deformities chanics of the body 
Surgery Aim at putting a painful Indicated in presence of 
joint at rest (splintage), painful loose bodies (ar- 
overcoming contractures throtomy); when there are 
(traction, turnbuckle incongruities of surfaces 
splint, manipulation, cap- that might beneficially be 
sulotomy, osteotomy, os- * eliminated (erasion, ar- 
tectomy, etc.); eradication throplasty); when there 
of residual inflammation are chances of proffering a 
(synovectomy); mobiliza- better weight-bearing sur- 
tion of an already anky- face (corrective osteot- 
losed joint (arthroplasty); omy); when the joint has 
and elimination of very crumbled down and is 
painful one (arthrodesis) painful (arthrodesis) 





the surface (epiarticular ecchondrosis), or they 
may project peripherally (marginal ecchondrosis). 
Surface swellings further enhance the existing 
incongruity and marginal growths widen the bear- 
ing area of the joint. These nodules may become 
vascularized and receive a bony core (chondros- 
teophyte); they may be completely ossified 
(osteophytes) ; they may detach and break free in 
the joint cavity (osteocartilaginous loose bodies). 
Marginal spurs encroach upon the synovial mem- 
brane and irritate it toward inflammatory reactiv- 
ity, and analogous proliferation is set up in the 


cancellous spaces of the bone which replace the 
trabeculae and create cavities containing fibrous 
tissue or fatty marrow (cystic degeneration). The 
opposed articular surfaces may interlock in oste: - 
arthritis, but true ankylosis does not occur, «s 
nodular thickenings of the marginal cartilage pr: - 
vent the central ulcerated areas from contacting 
(Figs. 14 to 16). 


CLINICAL DIFFERENTIATION OF THE TYPES 


Rheumatoid arthritis is more generalized and 
affects many joints; osteoarthritis is more or less 
confined. The symptoms of pain and stiffness are 
far more severe in rheumatoid arthritis and one 
may find the joint manifestation associated with 
myocardial heart disease, subcutaneous nodules, 
vasoconstriction, psoriasis, anemia, etc.; osteo- 
arthritis may accompany menopause, obesity, 
arteriosclerosis, congestive heart disease, chronic 
bronchitis and bronchiectasis, and, lastly, me- 
chanical misalignments of the body. X-ray films of 
the joints in rheumatoid arthritis may in the 
earlier stages reveal fusiform swelling of the soft 
parts, somewhat later disappearance of the joint 
space, and erosion of marginal articular cortex and 
porotic bone; in late stages one may see evidence 
of contractural deformities, of subluxations and 
ankylosis. Films in osteoarthritis would reveal 
disappearance of the joint space at pressure 
points, sclerosis of the bone below, cyst-like for- 
mations in the articular ends, marginal spurs, and 
osteocartilaginous loose bodies in the joint. 


THE TREATMENT OF RHEUMATOID ARTHRITIS 


In treating arthritics it is safe to regard the 
rheumatoid variety as a generalized, systemic 
disease and treat the patient as a whole. In ful- 
minant stages, it is well to prescribe a complete 
physical rest, splinting the joints in optimum posi- 
tion of function should ankylosis intercede. The 
latter could at times be obviated by making the 
splints removable so as to permit periods of guard- 
ed exercise, or better still, one may resort to 
traction and countertraction instead of fixed 
splintage. All measures which may contribute to 
the general well being of the patient should be 
undertaken: high caloric, high vitamin diet, 
tonics, cathartics, analgesics, sedatives, spas, etc. 
Foci of infection are eliminated to give the patient 
the benefit of the doubt, and recourse may be 
taken to gold injections and vaccines as there is at 
least a relatively rational basis for resorting to 
parenteral therapy in a generalized disease like 
rheumatoid arthritis, which might be caused or 
aggravated by infections and which is hopeless at 
times. Thus during the earlier stages of rheuma- 
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toid arthritis measures resorted to are mainly 
medical and systemic. The surgeon veers his at- 
tention toward the local manifestations of the 
disease as aspirating overdistended joints, splint- 
ing painful ones and applying various forms of 
traction and countertraction to prevent deform- 
ities. 

Apart from exercise, traction, and splintage, 
numerous local measures are undertaken in rheu- 
matoid arthritis. Joint lavage with physiological 
salt solution is occasionally carried on to remove 
thick flocculent exudate from the articular cavity, 
and the articular ends of bones are drilled by some 
with the purpose of releasing pent-up granula- 
tions from the cancellous spaces (forage). Mas- 
sage, heat therapy, histamine, and mecholyl 
iontophoresis are resorted to with the idea of 
improving local circulation. Massage and manip- 
ulation is not begun until the sedimentation rate 
has become normal and the joint inflammation 
has subsided. At times it becomes expedient to 
inflate the joint with air, oxygen, saline, or iodized 
oil, and then manipulate it. Injection of such 
material purports toward breaking or slackening 
adhesions. Manipulation should not be forceful; it 
is safer to use less force and repeat the procedure. 
A joint requiring great force had better be oper- 
ated upon so as to sever tough adhesions surgi- 
cally—either within or around the joint capsule. 
In smaller joints it might be wiser to enhance 
intra-articular adhesions in order to eliminate 
painful motion. This is done by injections of 
sclerosing solutions (quinine urea hydrocholoride) 
and immobilizing the joint for a long time. Capsu- 
lotomy, osteotomy, or tenotomy aim at correcting 
resistant deformities. The same end may also be 
attained by wedging the cast and correcting the 
deformity by a well placed turnbuckle. Deformi- 
ties may likewise be corrected by skin or skeletal 
traction. Synovectomy is sometimes resorted to 
when the inflammation has left an extensive ever- 
secreting surface (hydrops, chronic villous syno- 
vitis). As to the comparative value of arthrodesis 
and arthroplasty, it can in general be stated that 
one must aim toward procuring a mobile joint in 
the upper extremity and a stable, even though 
stiff, one in the lower. Therefore arthroplasty, 
especially of an old ankylosed elbow, is at times 
commendable. A stiff painless knee or ankle, when 
in good position, had better be left alone. When 


both hips and knees are ankylosed one may com- 
promise at mobilizing the hip on one side and the 
knee on the other, leaving a painless fused hip and 
knee. In rare instances the bones are shortened to 
release contracted tendons. Removal of one or 
both rows of carpal bones would accomplish the 
same (Figs. 17 to 33). 


THE TREATMENT OF OSTEOARTHRITIS 


The treatment of osteoarthritis is mainly local. 
Obesity when present is reduced by regulated 
doses of thyroid and diet; postural defects in- 
directly affecting the joint are corrected. Painful 
joints are supported by fixed or ambulatory 
splints. Heat, massage, and analgesics are pre- 
scribed to alleviate pain. Arthrotomy is at times 
performed for removing osteocartilaginous loose 
bodies; occasionally painful osteophytes are 
chiseled off, irregularities of articular surfaces 
smoothed (cheilotomy, débridement, reconstruc- 
tion, erasion). In the hip, of late, vitallium arthro- 
plasty has come into vogue; at times, again in mal- 
lum coxae senilis, osteotomy is performed so as 
to shift the weight-bearing lines and proffer an 
undamaged articular surface under the lines of 
stress and strain. Arthrodesis is performed to 
eliminate crumbled weight-bearing joints (Figs. 
34 to 40). 


SUMMARY 


The accompanying table attempts to recapitu- 
late and contrast the basic features of the two 
great forms of chronic nonspecific arthritis. 
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OSTEOCHONDROMAS ARISING FROM THE BASE OF 
THE SKULL 


CARL FELIX LIST, M.D., Ann Arbor, Michigan 


NTRACRANIAL tumors of cartilaginous 
structure are among the most unusual types 
of neoplasm encountered by the neurologic 
surgeon. Such lesions may arise from the 

meninges or from the bones of the skull. The 
meningeal chondroblastomas appear to be an un- 
usual variant of the common meningioma. Ap- 
proximately 30 of such cases have been hitherto 
reported, and a good review of the literature per- 
taining to them is given by Chorobski, Jarzymski, 
and Ferens. 

The osteochondromas arising from the base of 
the skull exhibit a characteristic anatomical and 
clinical picture, the description of which is the 
purpose of this study. In view of the rare occur- 
rence of the basal osteochondroma as many ob- 
servations as possible were utilized. The author 
was fortunate enough to be able to review a com- 
posite material of 7 examples: 5 cases were seen 
in the University of Michigan Hospital (3 of these 
were personal observations) and 2 were taken 
from Dr. Harvey Cushing’s series of intracranial 
tumors, having been made available to me 
through the kindness of Dr. Louise Eisenhardt, 
in charge of the Brain Tumor Registry in New 
Haven. 

The illustrative case histories to follow will be 
divided into two groups: (1) primarily intra- 
cranial osteochondromas, arising from the sphe- 
noid bone (5 cases); and (2) primarily extra- 
cranial osteochondromas of the ethmoidal or 
sphenoidal region with secondary intracranial ex- 
tension (2 cases). 


REPORT OF CASES 


Primarily intracranial osteochondromas arising 
from the sphenoid bone 


CasE 1. Sanford D., No. 477,321, U. of Mich. Hosp., 
male, aged 32 years, was referred by Dr. F. Barbour, of 
Flint. Patient presented the clinical syndrome of a right- 
sided parasellar lesion of several years’ duration. There 
was roentgenographic evidence of parasellar and retro- 


From the Department of Surgery, University of Michigan 
Medical School, Ann Arbor, Michigan, and the Brain Tumor 
Registry, Yale University School of Medicine, New Haven, Con- 
necticut. 

1Nearly 60 cases of chondroma of the ethmoid and nasal cavi- 
ties are recorded in the otorhinological literature (Hickey), but 
only those with neurosurgical implications (intracranial exten- 
sion) will be considered here. 


sellar calcification. Osteoplastic craniotomy was _pcr- 
formed with apparently complete removal of an extradural 
osteochondroma. Patient recovered but with residual 
neurologic signs. 

For 7 years prior to admission, the patient gained weight 
rapidly until he reached the weight of 270 pounds. At the 
same time, he noted increasing thirst and polyuria. Two 
years before admission, vision of the right eye began to 
fail. This progressed gradually, and later he noted visual 
loss also on the left. For the 6 months prior to admission, 
he had suffered from paroxysmal right fronto-occipital 
headaches and retro-orbital pain, occasionally accompanied 
by vomiting, and had experienced diplopia and drowsiness. 
Recently he had become impotent and complained of 
numbness of the right half of the face. 

Examination revealed the following: Patient was a very 
obese man, weighing 270 pounds with a florid complexion 
and sparse beard; otherwise there were no constitutional 
changes. He showed no gross mental change except for 
slight euphoria and indifference. There was mild right 
temporal and supraorbital tenderness. Visual acuity was 
6/9 on the right and 6/4.5 on the left. The right optic 
disc showed slight temporal pallor. A partial incongruous 
homonymous hemianopsia to the left and bilateral para- 
cental scotomas were present. The mydriatic right pupil 
did not react to light and on accommodation, but the left 
pupil was normal. There was a considerable paresis of the 
right superior rectus, and slight paresis of the inferior 
oblique and inferior rectus. Although the corneal reflexes 
were normal and equal, sensation of the right cornea was 
slightly diminished and cutaneous hypesthesia existed in 
the first trigeminal division on the right. The patient 
showed a minimal, left lower facial weakness and slight 
unsteadiness of the left arm. Deep reflexes were slightly 
hyperactive on the left, with a positive Hoffman reflex. 
The left abdominal reflexes were diminished. 

Roentgenograms of the skull revealed slight erosion of 
the dorsum sellae. There was a dense, mottled intracranial 
calcification in the right parasellar, suprasellar, and retro- 
sellar areas. It extended from the anterior clinoid to the 
petrous ridge, covering the floor of the right middle fossa 
(Fig. 1, a). 

Diagnosis: Right parasellar and retrosellar tumor, pre- 
sumably a calcified meningioma or osteochondroma. A 
craniopharyngioma was also considered as a less likely 
diagnostic possibility. 

Operation was performed March 2, 1941, by Drs. C. F. 
List and M. M. Peet; local anesthesia, supplemented by 
intravenous sodium pentothal, was used. A right fronto- 
temporal osteoplastic craniotomy was performed followed 
by a subtemporal decompression. After the dura was 
opened, the brain appeared under no increased tension. 
Inspection of the chiasmal region showed the right optic 
nerve and carotid artery to be displaced forward, but no 
tumor was visible. An exploring needle introduced into the 
second temporal convolution toward the base met firm re- 
sistance at a depth of 3 centimeters. Thereupon the 
anterior two-thirds of the right temporal lobe were resected. 
A nodular tumor, the size of a large plum, was seen to arise 
extradurally from the base of the middle fossa and to 
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Fig. 1. Roentgenograms' of intracranial basilar osteochondromas. Calcified parasellar tumors in lateral pro- 
jection. a, left, Case 1; b, Case 4. 


occupy the entire parasellar and retrosellar area, where it 
had penetrated the dura (Fig. 3). The grayish white tumor 
was firm and gritty in parts due to calcification. It had the 
typical appearance of an osteochondroma. At first, the 
main bulk of the tumor was removed piecemeal, and then 
its attachment along the cavernous sinus and posterior 
clinoid process was exposed by splitting the basilar tem- 
poral dura. Considerable hemorrhage from the superior 
petrous sinus and veins surrounding the gasserian ganglion 
was controlled by electrocoagulation. After the dura was 
split over the clivus, the tumor was seen to extend both 
extradurally and intradurally in front of the pons, but the 
arachnoid (basilar pontine cistern) was intact. The right 
3d, sth, and 6th nerves were exposed. All visible tumor 
tissue was removed. 

Histologic report: Cartilaginous tissue with large areas 
of degeneration, calcification, and bone formation. Diagno- 
sis: Osteochondroma (Fig. 5, a). 

Immediately after operation the patient showed total 
paralysis of the right 3d, 4th, 6th, and 7th nerves, and in- 
creased involvement of the 5th nerve. Furthermore, there 
was marked loss of vision in the right eye, moderate left 
hemiparesis and homonymous hemianopsia. However, on 
patient’s discharge from the hospital, 17 days after opera- 
tion, the left hemiparesis had cleared up completely. 

When the patient was last seen, a year and 1o months 
after operation, he had no complaints except for two 
generalized convulsive attacks. He stated that the 
polyuria and polydipsia had disappeared. Examination 
revealed the area of decompression to be sunken in. There 
was still paralysis of the right 3d and 4th nerves, and 
paresis of the 6th and 7th nerves, but the 5th nerve had 
recovered completely. Vision was normal, but bilateral 
mild primary optic atrophy and a slight left hemianopic 
field defect was demonstrable. Check-up roentgenograms 
of the skull showed no evidence of recurrence, viz., absence 
of calcifications and unchanged position of the silver clips 
in comparison to the first postoperative films. 

CasE 2. Celena M. LeB., Peter Bent Brigham Hospital, 
Surg., Nos. 21293 and 40491, female, aged 26 years, was 
referred by Dr. M. V. Tyrode, Boston. Right parasellar 
syndrome had been present for 3 years. There was roent- 
genographic evidence of right parasellar calcification. An 


Roentgenograms were slightly retouched before reproduction. 


osteoplastic craniotomy with subtotal removal of para- 
sellar osteochondroma was done. Patient was followed-up 
for 17 years after operation; eventually she showed signs 
of recurrence of tumor with extension into the right cere- 
bellopontine angle. 

Three years prior to admission, the patient noted numb- 
ness of the right side of the face associated with swelling 
of the right eyelid. This gradually receded, except for 
residual numbness of the right half of the forehead. With 
the onset of numbness, the patient experienced diplopia, 
especially on downward gaze. A few months later, she 
complained of right supraorbital headaches which were 
occasionally associated with vomiting. Two years before 
admission, the right pupil became dilated and vision of 
the right eye slowly declined. Menstruation remained 
normal. 

Examination revealed the following: Patient was of 
normal constitutional type and free from gross mental dis- 
turbances. The right temporal region was tender to per- 
cussion. Vision was 20/20 in left eye, 20/30 in right eye. 
There was slight right optic atrophy with mild concentric 
contraction of the right visual field. The dilated right pupil 
hardly reacted to light and on accommodation. There was 
incomplete paralysis of the right 3d nerve, namely paral- 
ysis of the inferior rectus, moderate paresis of the superior 
rectus and inferior oblique, and slight weakness of the me- 
dial rectus. The right 4th nerve was totally paralyzed, the 
right 6th nerve paretic. There was hypesthesia in the 
ophthalmic division of the right 5th nerve, with depression 
of the corneal reflex; mild hypesthesia was present also in 
the second trigeminal division. The deep reflexes of the 
left upper extremity were increased and the left abdominal 
reflexes were diminished. 

Roentgenogram of the skull showed that the right ante- 
rior clinoid process was slightly eroded. There was a dense 
right parasellar calcification of cauliflower appearance ex- 
tending from the lesser sphenoidal wing almost to the mid- 
line and outward to the middle of the right temporal fossa. 

Diagnosis: Calcified right parasellar tumor, presumably 
a meningioma arising from the inner portion of the right 
sphenoidal wing. An osteochondroma was also considered. 

Operation was performed on May 12, 1924, under ether 
anesthesia, by Dr. Harvey Cushing. A right-sided low 
osteoplastic flap was turned and a subtemporal decom- 
pression added. When the dura was opened, the brain was 











482 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 2.! Calcified parasellar tumor extending into the cerebellopontine angle, Case 2. a, left, Lateral projection; 
b, occipital projection. 


found to be of normal appearance and under no increased 
pressure. Elevation of the temporal lobe, however, re- 
vealed a smooth, round, extradural tumor arising from the 
posterior medial part of the right middle fossa. When the 
overlying dura was incised the tumor was found to have 
the appearance of a soft chondroma containing yellowish 
calcified areas; 25 grams of the growth, including its an- 
terior pole, was removed piecemeal. Hemorrhage from the 
raw bed of the tumor was controlled by muscle packs. 

Histologic report: The tumor was a calcifying myxo- 
chondroma. 

After operation, there was complete right ophthal- 
moplegia, but the trigeminal symptoms cleared up. Check- 
up roentgenograms showed a few remaining calcifications 
in the right middle fossa. The ophthalmoplegia began to 
improve 3 months after operation, and re-examination 2 
years later showed only a residual paralysis of the 6th 
nerve and rigidity of the right pupil. After 3 years of 
postoperative observation, however, signs of recurrence 
became evident: She complained of right fronto-occipital 
headaches and dizziness. She also suffered from attacks 
of general weakness associated with facial flushing and 
peculiar epigastric sensations, usually after breakfast. On 
one occasion, she apparently had an uncinate seizure. 

When she finally began to complain of stiffness of the 
neck and unsteady gait, she was readmitted to the hos- 
pital (on February 3, 1932, almost 8 years after her first 
admission). At that time, marked decrease of vision of 
the right eye and bilateral mild secondary optic atrophy 
were noted. The right ophthalmoplegia and the lesion of 
the first and second trigeminal branches had recurred. In 
addition, there were slight nerve deafness and cerebellar 
signs on the right. Roentgenographic examination showed 
considerable increase of the calcified mass, especially in 
the retrosellar area with extension into the right cere 
bellopontine angle (Figs. 2a and b). Patient was dis- 
charged without operation. 

She was last seen on May 7, 1941—17 years after opera- 
tion and 20 years after onset of her disease. At that time 
the clinical picture was almost unchanged, but roent- 
genograms showed increase of subtentorial calcification. 

Case 3. Helen L., Peter Bent Brigham Hospital, Surg. 
No. 31618, female, aged 30 years, was referred by Dr. 
Charles Elsberg, New York, New York. Patient gave a 

1 Roentgenograms obtained through the kindness of Dr. M. C. Sosman, 
Boston, Massachusetts. 


6-year history of right-sided calcifying parasellar chon- 
droma. Removal of neoplasm elsewhere had been done, 2 
years before admission. A second operation with excision 
of recurrent tumor was carried out but there was gradual 
spread of the lesion to the chiasmal region and cerebello- 
pontine angle. Death occurred 13 months after second 
operation. No autopsy was performed. 

Six years prior to admission, the patient complained of 
blurred vision on the right. A few months later, she began 
to suffer from sharp right supraorbital pain and generalized 
headache which were sometimes accompanied by nausea 
and vomiting. Four years before admission, she expe- 
rienced pains in the right half of the face, followed by 
numbness, first of the forehead, later of the right cheek. 
Shortly hereafter, right ptosis and an inward squint de- 
veloped. Two years before entrance, she became almost 
blind in the right eye. At that time (1926) Dr. Elsberg 
removed a chondroma of the right middle fossa by means 
of a subtemporal decompression. After temporary im- 
provement of the ocular symptoms, there was evidence of 
recurrence, vision again failed on the right side and the 
right eye began to protrude. She experienced peculiar 
seizures, lasting for a few seconds: ‘‘An undescribable 
frightening sensation rushed through her body holding her 
lax and motionless.” She also complained of occasional 
tinnitus and had been amenorrheic for the past year (result 
of x-ray therapy?). 

Examination revealed the following essential neurologic 
findings: The apprehensive, highly strung patient showed 
an operative scar in the right temporal region with a bone 
defect (decompression). Auscultation over this area dis- 
closed a loud systolic bruit. Vision was reduced to light 
perception on the right, but was normal on the left. The 
right visual field could not be taken, the left one showed 
slight concentric constriction. There was right primary 
optic atrophy; the left optic disc was normal. The enlarged 
right pupil reacted only slightly to light and on accommo- 
dation. There was total paralysis of the right 6th nerve 
and paresis of the right 3d and 4th nerves (including a 
right ptosis). The first and second divisions of the right 
trigeminal nerve were anesthetic, the third division was 
hypesthetic. There was corneal areflexia and paresis of 
the masticatory muscles on the right. 

Roentgenogram of the skull showed right parasellar 
erosion with scattered areas of calcification in the right 
parasellar and temporal regions. 
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Fig. 3. Basilar osteochondroma, arising from the right parasellar region, Case 1. 
a, Diagram showing the tumor projected on the base of the skull. Attachment of 
tumor is cross-hatched. b, Drawing to show operative incision and osteoplastic flap. 
c, Tumor exposed at operation, after partial resection of the right temporal lobe. 


Diagnosis: Recurrent calcifying chondroma in the right 
parasellar region. 

Operation was performed on June 30, 1928, under local 
anesthesia, by Dr. H. Cushing. A right temporal osteo- 
plastic flap was turned and the dura was opened. After 
incision of the second temporal convolution, a hard nodular 
chondroma was exposed, arising from the base of the skull. 
rhe tumor was firmly attached to the tentorium and floor 
of the middle fossa. It extended forward beyond the 
sphenoidal wing which was eroded, and posteriorly to the 


incisura tentorii. The neoplasm was removed by piecemeal 
enucleation, and weighed 28.5 grams. Considerable hemor- 
rhage from the base, presumably from an en!arged middle 
meningeal artery, was controlled by implants of muscle. 
Histologic reports: The fresh specimen, examined by 
supravital technique, showed the picture of a chondroma. 
This was confirmed by stained preparations which revealed 
irregular islands of cartilaginous cells surrounded by a 
collagenous or mucinous matrix. The neoplasm was con- 
sidered as a nonencapsulated chondroma likely to recur. 











484 SURGERY, GYNECOLOGY AND OBSTETRICS 





The patient showed total right ophthalmoplegia after 
operation, but her headaches were relieved for 6 months. 
They then recurred and there was rapid progression of ab- 
normal neurologic signs. When the patient was re-ex- 
amined a year after operation, the subtemporal decom- 
pression was bulging. The right eye was blind and showed 
neuroparalytic keratitis. There were optic atrophy and 
temporal hemianopsia on the left. The right 3d, 4th, 5th, 
and 6th nerves were completely paralyzed and the 7th 
and 8th nerves paretic. Check-up roentgenograms showed 
increase of parasellar erosion with partial destruction of 
the right lesser sphenoidal wing and petrous apex. The 
calcifications also had increased and the silver clips were 
displaced in comparison to previous films. Evidently, the 
tumor had recurred and extended forward around the 
chiasm as well as posteriorly into the right cerebellopontine 
angle. One month later, the patient’s death was reported. 
No autopsy was obtained. 

The entire known duration of the disease in this patient’s 
case was 7 years. 

Case 4. Bertha S., U. of Michigan Hospital, No. 463983, 
female, aged 50 years, was referred by Dr. W. D. Towsley, 
Midland, Michigan. 


Fig. 4. Roentgenograms of primarily extracranial osteo- 
chondromas, with intracranial extension. a, Osteochon- 
droma of the sphenoid and paranasal sinuses destroying 
the base of the skull. Case 6. Basilar projection. b and c, 
Frontoethmoidal osteochondro(sarco)ma, Case 7. b, 
Posteroanterior projection; c, lateral projection. 


Patient suffered an acute onset of paresis of the right 
3d and 4th cranial nerves without roentgenographic 
changes of the skull. Infraclinoid aneurysm of the internal 
carotid artery was suspected and the right common carotid 
artery was ligated. Twenty months after onset, a typical 
right cavernous sinus syndrome, extensive bone destruc- 
tion and calcifications in the right parasellar region, had 
developed. Osteoplastic craniotomy was performed and a 
subtotal removal of an extradural osteochondromyxosar- 
coma was accomplished with symptomatic relief. 

Since adolescence, the patient had suffered from right- 
sided menstrual migraine. For 2 weeks prior to her first 
hospital visit, on July 8, 1940, she had had severe pains in 
and above the right eye, occurring especially at night. 
Three days after onset of pain, the right upper eyelid 
drooped and became puffy, diplopia developed, and vision 
of the right eye began to fail. Examination revealed 
marked paresis of right 3d and 4th cranial nerves without 
other neurologic manifestations. Roentgenograms of the 
skull were normal. 

The patient was seen again 6 months later, when she 
complained of increased pain in the right frontal and malar 
areas. In addition to the paresis of 3d and 4th nerves 
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Fig. 5. Histologic sections of osteochondromas. a, Case 1, osteochondroma; b, 
Case 4, osteochondromyxosarcoma; c, Case 6, osteochondroma. 


paralysis of the right 6th nerve and supraorbital hyper- 
esthesia had developed. Two months later, the patient 
again returned because of the almost continuous and severe 
pain in the right frontal, orbital temporal, and malar re- 
gions. Pain often was associated with nausea, vomiting, and 
photophobia. Objective clinical findings were unchanged. 


A tentative diagnosis of infraclinoid aneurysm of the 
right internal carotid artery was made. Arteriography of 
the right common carotid artery failed to demonstrate the 
internal carotid, but showed filling only of the external 
carotid. The roentgenograms also revealed a small flake 
of calcium in the right parasellar area which was then 
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interpreted as being in the wall of the supposed aneurysm. 
Ligature of the common carotid artery was performed, but 
afforded no relief. 

The patient was not seen until a year later (March 24, 
1942). She then stated that after temporary improvement, 
the pains in the right side of her head had become un- 
bearable. One month prior to this last visit, numbness 
developed over the right side of the forehead and cheek, 
and vision of the right eye had become very poor. 

Examination revealed the following: Patient was suffer- 
ing from severe pain in the right frontal, temporal, and 
malar areas, and complained of nausea and photophobia. 
The right temporal and supraorbital regions were tender 
to percussion. The right upper eyelid showed ptosis and 
slight edema. Mild exophthalmos was noted on the right. 
Signs of involvement of various cranial nerves were con- 
fined to the right side as follows: Hyposmia; marked re- 
duction of visual acuity (2/60 right eye); concentric con- 
striction of visual field with enlarged blind spot and slight 
pallor of optic disc; total paralysis of the 3d, 4th, and 6th 
cranial nerves. The right corneal reflex was abolished and 
all forms of sensation were markedly diminished in the 
area supplied by the first trigeminal division and moder- 
ately impaired in that of the second division. There was 
also slight atrophy and weakness of the masticatory 
muscles. On the left side, the deep reflexes of the extrem- 
ities were slightly increased and a positive Babinski sign 
was elicited. 

Roentgenograms of the skull revealed extensive destruc- 
tion of the sella turcica, sphenoidal sinus, basilar bone, 
and medial parts of the floor of the right middle fossa. 
There were dense calcifications in the right parasellar 
region extending from the inner portion of the right mid- 
dle fossa slightly beyond the midline (Fig. 1, b). 

Diagnosis: The previous diagnosis of carotid aneurysm 
was now considered untenable and a right parasellar 
osteochondrosarcoma was suspected. 

Operation was performed on March 30, 1942, under 
avertin anesthesia, by Dr. C. F. List. A right-sided fronto- 
temporal osteoplastic flap was turned and combined with 
a subtemporal decompression. After the dura was opened, 
the brain showed wide subarachnoid channels and was 
under no increased tension. Inspection of the chiasmal 
region revealed the right optic nerve to be displaced for- 
ward. After resection of the lower third of the anterior 
part of the temporal lobe, an extradural tumor was exposed 
at the medial part of the right middle fossa. The lesion 
was the size of a plum and felt-soft, almost fluctuant. 
Aspiration yielded brownish gelatinous tumor tissue. 
Thereupon the bulging dura was incised, thus exposing the 
smooth avascular surface of the tumor, over which the 
first and second trigeminal branches were considerably 
stretched and elevated. These nerves were resected. The 
tumor was removed piecemeal and by suction. It was 
partly gelatinous and mucinous, partly fibrous, and partly 
calcareous. It extended far into the sphenoid and basilar 
bones and invaded the sphenoidal sinus across the midline. 
Total removal was obviously impossible. The large raw 
bed of the tumor oozed considerably, necessitating the 
insertion of muscle stamps. 

Histologic report: The operative specimens had the 
structure of an osteochondromyxosarcoma of moderate 
cellularity (Fig. 5, b). 

Except for a mild superficial wound infection which 
healed under sulfathiazole treatment, the patient made a 
good recovery and was discharged 29 days after operation. 
Pain, nausea, vomiting, and photophobia had ceased com- 
pletely. Visual acuity improved to 6/30. There was com- 
plete anesthesia in the first and second divisions of the right 
trigeminal nerve and the total ophthalmoplegia persisted. 


Postoperative roentgenograms showed the extensive e:o- 
sion of the base of the skull to a better advantage than 1 he 
preoperative films. A few residual calcifications were s' ill 
visible at the left side of the sphenoid body. When the | a- 
tient was examined last, 8 months after operation, th: re 
was evidence of further progression of the lesion: Vision of 
the left eye was failing, and there was a left superior 
temporal quadrantic defect of the left visual field. Now 
roentgenograms revealed recurrence and further extension 
of the intracranial calcification. 


In the following case, the intracranial chon- 
droma was a manifestation of generalized chon- 
dromatosis. 


Case 5. Gordon H. P., U. of Michigan Hospital, No. 
155763, male, aged 21 years, was referred by Dr. Seybold, 
Jackson, Michigan. Multiple osteochondromas of right 
leg and pelvis had been present for more than 12 years. 
There had been present a chiasmal syndrome of 6 months’ 
duration, with intrasellar and retrosellar calcification. 
Frontal osteoplastic craniotomy with partial removal of 
retrosellar osteochondroma was performed. Death oc- 
curred outside of the hospital, 1 month after operation. 
No autopsy was performed. 

The patient sustained a pathological fracture of the 
right femur, at the age of 5 years. A painless swelling 
developed at the distal part of the right tibia, when he was 
8 years old. One year later, pain and swelling occurred at 
the old fracture site. Examination then (1926) showed a 
bony hard swelling of the proximal portion of the right 
femur and a similar smaller mass at the lower end of the 
right tibia. Roentgenograms revealed extensive areas of 
bone destruction and pathological calcifications of the pel- 
vic bones, right femur, fibular head, and tibia. Explora- 
tion of the lesion of the femur disclosed a central osteochon- 
droma. After implantation of a bone graft, the patient 
recovered and was not heard of until 12 years later. Six 
months prior to admission, he noticed progressive failure 
of vision of the right eye and later a similar condition of the 
left eye. 

Examination revealed multiple chondromas of the right 
leg. This leg was shortened, due to the old femoral frac- 
ture. There were also multiple cavernous hemangiomas 
of the oral cavity. Neurologic signs were confined to 
changes of the optic pathways: Visual acuity was reduced 
to 6/30, left eye, and 6/60, right eye. The visual fields 
showed bilateral central scotomas and tendency to bi- 
temporal hemianopsia with superimposed concentric con- 
striction. Both optic discs were abnormally pale. 

Roentgenograms of the skull revealed erosion of the 
anterior and posterior clinoid processes without sellar en- 
largement. There were areas of dense calcification within 
the sella extending to the retrosellar and left parasellar 
region. 

Diagnosis: An intrasellar and retrosellar cranio- 
pharyngioma was suspected. The chondromas of the right 
leg were considered as independent lesions. 

Operation was performed on August 26, 1938, under 
avertin anesthesia, by Dr. M. M. Peet. A right frontal 
osteoplastic flap was turned and the chiasmal region was 
exposed. The chiasm was found to be displaced anteriorly 
by an encapsulated extradural tumor. After incision of the 
capsule, gelatinous semisolid tissue was removed piecemeal. 
The neoplasm seemed to originate from the posterior 
clinoid processes. Its total removal proved to be im- 
possible. 

Histologic report: The tumor was a myxoosteochon- 
droma. The specimen also contained some fragments of 
normal anterior pituitary lobe. 
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Although there was no immediate improvement of 
vision, the patient made a seemingly uneventful recovery 
and was discharged from the hospital, 25 days after opera- 
tion. A week later, however, the patient’s mother de- 
scribed his condition as “extremely weak” and shortly 
thereafter his death was reported by the referring physician. 
No autopsy was obtained. It was suspected that this pa- 
tient might have died from postoperative cachexia hypo- 
physiopriva. 


Primarily extracranial osteochondromas of the 
ethmoidal or sphenoidal regions with secondary 
intracranial extension 


Case 6. Claire C., U. of Michigan Hospital, No. 425277, 
female, aged 37 years, was referred by Dr. C. King, Toledo, 
Ohio. Patient presented an osteochondroma of the left 
maxillary antrum, floor of orbit, and ethmoid, of 17 
years’ duration. First evidence of intracranial involve- 
ment was 7 years after onset; definite signs of right para- 
sellar lesion appeared a year later. Trigeminal rhizotomy 
was done for intractable pain. Extensive extradural and 
intradural spread of neoplasm noted at the base of the skull. 
Patient is still alive 17 years after onset, with multiple 
cranial nerve palsies. 

In 1925, 13 years prior to admission, an osteochondroma 
was removed from the left maxillary antrum; the tumor had 
invaded the floor of the orbit and the ethmoid cells. Vision 
of the left eye failed shortly after operation. Six years 
later (1931) a recurrent tumor was removed from the 
ethmoid and sphenoid sinuses and deep x-ray therapy was 
given. A year later (1932) roentgenograms of the skull 
showed for the first time erosion of the right anterior 
clinoid process indicative of intracranial extension. In 
the following year (1933) roentgenograms showed destruc- 
tion of the posterior wall of the right orbit (major sphe- 
noidal wing) and right parasellar erosion and calcification. 
Two years later (1935), sclerotic and proliferative changes 
were noted in the sphenoid body and at the roof of the 
nasopharynx. There was also involvement of the right 
frontal and maxillary sinuses. In 1937, one year prior to 
admission, vision of the right eye declined gradually. One 
month before entrance, severe trigeminal pains developed, 
involving mainly the right second division. 

Examination revealed the following: The dilated right 
pupil reacted hardly to light; the left pupil showed sluggish 
response. Vision was markedly reduced bilaterally (on the 
left due to vitreous opacities). The right fundus was nor- 
mal, the left one could not be seen. Except for corneal 
areflexia on the right, there was no other trigeminal 
involvement. 

Roentgenograms of the skull revealed extensive destruc- 
tion and bony proliferation of the sphenoid body (Fig. 4, a) 
ethmoid cells, and all other paranasal sinuses. There were 
erosion and intracranial calcifications-in the right para- 
sellar region. 

Diagnosis: Recurrent osteochondroma of the paranasal 
sinuses with involvement of the base of the skull and intra- 
cranial extension to the right parasellar area. It was de- 
cided to relieve the patient’s pain by trigeminal rhizotomy. 

Operation was performed on July 29, 1938, under local 
anesthesia, by Dr. M. M. Peet. The region of the right 
gasserian ganglion was exposed by the usual subtemporal 
extradural approach. When the trigeminal sheath was 
opened, the ganglion was found to be surrounded by 
velatinous tumor. The basilar dura was then widely 
opened and the exploration carried far anteriorly and 
posteriorly. There was diffuse intradural as well as extra- 
dural infiltration of tumor, from the posterior to the ante- 
rior fossa, where the neoplasm was largest. Approximately 
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30 grams of neoplastic tissue was removed. The entire 
gasserian ganglion and the adjoining motor root were 
resected. 

Histologic report: The specimen showed an osteochon- 
droma with locally infiltrative tendency. The gasserian 
ganglion was surrounded, but not invaded, by tumor. 
(Fig. 5, c). 

Following operation the patient was free from pain. 
There was not only total sensory and motor trigeminal 
paralysis, but also complete external and internal ophthal- 
moplegia and blindness on the right. Subsequently, the 
patient was repeatedly re-examined. The paralysis of the 
right 2d to 6th cranial nerves remained unchanged. Two 
years after operation, she developed right-sided otitis 
media and dacryocystitis. Six months later, January 14, 
1941, a right Caldwell Luc operation was performed and 
tumor of the right maxillary antrum was found to extend 
into the orbit, ethmoid, lateral wall of nose and periton- 
sillar region. After this intervention, transitory cerebro- 
spinal rhinorrhea with signs of meningeal irritation 
developed, but this subsided after sulfanilamide therapy. 
The patient returned to the hospital in July, 1942, com- 
plaining of severe right temporal headaches. Examination 
revealed no change in her neurologic and roentgenographic 
findings, but re-exploration disclosed a recurrent tumor 
and a small subtemporal epidural abscess which apparently 
originated from a chronic otitis media. The entire ob- 
served duration of the disease was more than 17 years. 

Case 7. Dagmar T., U. of Michigan Hospital, No. 
309608, female, aged 20 years, was referred by Dr. K. B. 
Babcock, Detroit, Michigan. Patient had an osteochon- 
droma of the left frontoethmoidal region, with 4 months’ 
history. Operation was done with apparently total re- 
moval of tumor spreading to the anterior cranial fossa and 
paranasal sinuses. Small subcutaneous recurrence was 
removed 4 months later. There were signs of intracranial 
recurrence after 3 months. A third operation revealed 
sarcomatous recurrence infiltrating the scalp, dura, and 
brain, with extension to the nasal cavity. Death resulted 
from meningitis, 1 month after last operation. No autopsy 
was performed. 

Four months prior to admission, the patient noticed a 
swelling on the left side of the forehead which was asso- 
ciated with dull headache, and later on, with diplopia. 
Biopsy of the lesion elsewhere showed the tumor to be 2 
chondroma. After deep x-ray therapy, the neoplasm began 
to grow more rapidly. 

Examination showed the following: There was a tumor 
the size of an orange, at the left side of the forehead, 
supraorbital ridge, and bridge of the nose. The mass, 
which had the consistency of hard rubber, was firmly 
attached to its bony base. The overlying skin was intact 
and not tender to pressure. The tumor displaced the left 
eye downward and outward, and caused slight edema of the 
left upper lid. There was also exopthalmos on the left 
(left eye 20 millimeters; right eye 13 millimeters). The left 
superior rectus and inferior oblique were paretic. Exami- 
nation of the left fundus revealed retinal detachment in 
the region of the superior temporal vessels and venous 
engorgement. 

Roentgenograms of the skull revealed a neoplasm eroding 
the left frontal bone, the frontal sinuses (especially the 
left one), the ethmoids, and the roof and medial wall of 
the left orbit. Extensive calcifications were present within 
the tumor (Figs. 4, b and c). 

Diagnosis: Osteochondroma (or osteochondrosarcoma) 
of the left frontal and ethmoidal bones with intranasal, 
orbital, and intracranial extension. 

Operation was performed on April 14, 1933, under ether 
anesthesia, by Dr. M. M. Peet. After a large frontal scalp 
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Fig. 6. Histological sections from a malignant osteochondroma, Case 7. 


flap had been turned down, a lobulated whitish tumor was 
exposed, covered by pericranium. The lower portions of 
the frontal bone were rongeured away to further expose 
the neoplasm which completely filled the frontal sinuses. 
On the left side, the tumor had destroyed the frontal bone, 
forming a large mass outside and a still larger mass inside 
of the bone, displacing the dura posteriorly. The neoplasm 
was firmly attached to and infiltrating the cribriform plate 
and extended into the ethmoid cells. The inner walls of 
both orbits were involved, especially on the left. After re- 
moval of all visible tumor, the widely opened nasal cavity 
was closed by an iodoform pack. A tear of the orbital dura 
which could not be sutured had tobe covered by another 
iodoform pack. 

Histologic report: The tumor was an osteochondroma 
with calcareous concretions in a myxomatous stroma. The 
neoplasm was regarded as not sufficiently cellular to cause 
metastases, but likely to recur and infiltrate locally 
(Fig. 6, a). 

The postoperative course was complicated by transient 
cerebrospinal rhinorrhea and by severe epistaxis which was 
eventually controlled by ligation of the left external carotid 
artery. 

The patient returned to the hospital 4 months later with 
recurrent tumor. A neoplasm, the size of a walnut, which 
infiltrated the skin as well as the dura, was removed. 
Histologic examination showed that the growth had be- 
come increasingly cellular, and had penetrated the dura, 
and that the involved corium of the skin contained sar- 
comatous areas. Thereupon the patient was given a course 
of deep x-ray therapy (60or). 

Three months thereafter, she returned with signs of in- 
tracranial recurrence and was again operated upon by 
Dr. Peet, on November 25, 1933. The recurrent tumor 
infiltrated the skin, dura, and frontal lobes and had ex- 


a, left, Specimen from 
first operation shows relatively benign osteochondroma. b, Specimen of recurrent tumor, obtained 
by third operation, shows sarcomatous change (myxochondrosarcoma. ) 


tended far into the nasal cavity. It was excised together 
with the tumor-infested skin, dura, and frontal cortex. 
The wound was packed and only partially closed. It was 
hoped that the large defect would eventually heal by 
granulation. Patient did fairly well for 3 weeks, but then 
developed meningitis leading to her death on December 24, 
1933, approximately 1 year after the onset of the disease. 
Autopsy was not obtained. 

The last surgical specimen showed that the neoplasm 
had become definitely sarcomatous in character (Fig. 6, b). 


ANATOMICAL AND PATHOGENETIC 
CONSIDERATIONS 


From the observations here noted and the 
cases reported in the literature, it is evident that 
the base of the skull is a preferential location of 
osteochondromas. When verified by operation or 
autopsy, these tumors often are found to be so 
large that it may be difficult or even impossible 
to ascertain their exact site of origin, yet the clini- 
cal course may be helpful in reconstructing the 
stages of anatomic evolution even in advanced 
cases. 

In the first group, primarily intracranial tu 
mors, there are 5 examples in our series. Four of 
these (Cases 1, 2, 3, and 4) are almost identica! 
with the four observations reported by Hirschfeld, 
Levitt, Green and Childrey, and Paleari. In all § 
instances the osteochondroma originated from 
the sphenoid bone and protruded intracranially 
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in the posterior parasellar region. It was at- 
tached to one side of the clivus and the corre- 
sponding posterior clinoid process (Fig. 3, a) and 
spread to the base of the greater sphenoidal wing 
and adjacent bone by expansion rather than by 
actual invasion (Case 3). At first, the growth was 
entirely extradural, but later it protruded into 
the cranial cavity by penetrating the dura (Case 1). 
Leptomeninges and brain were indented and dis- 
placed, but not invaded. 

The fifth case in our first group (Case 5) must 
be given special consideration since the basal 
osteochondroma was but one manifestation of 
generalized chondromatosis. There are two simi- 
lar observations recorded in the literature (Clark, 
Lupo), but the validity of these appears dubious, 
because they were not verified. The objection 
might be raised here that localization at the base 
of the skull is merely incidental in general chon- 
dromatosis, yet it cannot be overlooked that in all 
3 instances the chondroma of the sphenoid repre- 
sented the only cranial localization. 

In the second group, primarily extracranial tu- 
mors, there are 2 examples in our series (Cases 
6and 7). In these 2 cases, and in similar observa- 
tions reported by Torrigiani, Wolf and Echlin, 
Menne and Frank, and others, the tumor arose in 
the sphenoidal or ethmoidal region and developed 
mainly in an extracranial direction; at an ad- 
vanced stage, however, it also invaded the cranial 
cavity. Thus in Case 6, the osteochondroma pre- 
sumably originated unilaterally in the posterior 
parts of the ethmoid and was first detected in the 
corresponding maxillary antrum. Later on the 
neoplasm spread through the ethmoidal cells and 
sphenoidal sinus to the other side where it pene- 
trated the base of the skull in the parasellar area. 
Case 7 is an example of a more anteriorly placed 
lesion which developed in the frontoethmoidal 
area and invaded the orbit, the upper parts of the 
nasal cavity, and the floor of the anterior cranial 
fossa. In this instance the malignant (sarcoma- 
tous) character of the lesion was demonstrated by 
infiltration of scalp and brain. A similar case was 
described by Menne and Frank. In Torrigiani’s 
patient the chondroma apparently originated in 
the sphenoidal sinus and extended intracranially, 
thus destroying the sella turcica. Wolf and Echlin 
briefly mention an observation at autopsy of a 
large chondroma of the sphenoidal region, extend- 
ing into the nasopharynx. 

The pathogenesis of basal osteochondromas is 
revealed by their characteristic site. It is highly 
probable that these tumors develop from residuals 
of the cartilaginous primordial cranium. Embry- 
onic cartilaginous rests with future neoplastic 
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propensities may be retained, either in suture lines 
or in areas between centers of ossification. Thus, 
one may expect foci of neoplastic growth at the 
junction of the sphenoid body with the greater 
wing of the sphenoid and petrous apex (Cases 1, 
2, 3, and 4), or at the junction of the ethmoid with 
the sphenoid body (Case 6), or at the fronto- 
ethmoidal border (Case 7). It is also conceivable 
that chondromas may arise from heterotopic 
cartilaginous material within the mucous mem- 
branes of the paranasal sinuses. 

The pathogenesis of basal osteochondromas 
should not be discussed without mentioning their 
relationship to the chordomas. The latter va- 
riety of tumor is derived from the notochord, a 
forerunner of the embryonic (cartilaginous) axial 
skeleton. It is interesting to note that chordomas 
are found in a location similar to that of osteo- 
chondromas, viz. at the junction of the basisphe- 
noid with the basiocciput. 

The histologic picture of basal osteochon- 
dromas is generally characteristic, although it 
may exhibit considerable variations. Some neo- 
plasms are almost entirely composed of mature 
cartilage (chondroma), others contain elements 
of adult or embryonic mesenchymal tissue (fibro- 
chondroma, myxochondroma, respectively) (Fig. 
5, b). Asa rule, areas of ossification are present 
(osteochondroma—Figs. 5, a and 5, c) and also 
degenerative changes such as calcification or 
mucinous degeneration. Some chondromas are 
acellular and noninfiltrative, others are highly 
cellular, poorly differentiated, and grow in a 
malignant fashion (chondrosarcoma—Case 7). 
Occasionally, a relatively benign osteochondroma 
may undergo progressive anaplastic differentia- 
tion into a malignant osteochondrosarcoma (Case 
7, Figs. 6,a and b). 


CLINICAL AND DIAGNOSTIC CONSIDERATIONS 


Incidence and duration of symptoms. Basilar 
osteochondromas occur possibly more often in the 
female sex, but the number of observations is too 
small to permit accurate statistical evaluation. 
As a rule, these neoplasms become clinically 
manifest in young adults, between the ages of 20 
and 30. Their rate of growth is slow, hence a 
clinical course over 10 or even 20 years is not un- 
usual. If, on the other hand, the tumor becomes 
malignant, the course is likely to be rapid (1 
year in Case 7). 


Neurologic symptomatology. The intracranial 


osteochondroma of the sphenoid produces a char- 
acteristic clinical syndrome. As a result of the 
parasellar location of the lesion, the structures in 
the wall of the cavernous sinus are affected at an 
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early stage. Pareses of the 3d, 4th, sth, and 6th 
cranial nerves are nearly always demonstrable. 
The lesion of the oculomotor nerve may remain 
incomplete and spare the medial rectus and the 
levator palpebrae superioris. Neuralgic pains in 
the distribution of the ophthalmic division and 
diminution of corneal reflex are early signs of 
trigeminal involvement. Sensory loss is usually 
most marked in the first trigeminal division and 
least in the third division, but when the tumor 
has attained a large size and compresses the 
gasserian ganglion, all trigeminal branches includ- 
ing the motor root may be equally affected. 
Sharp trigeminal pains should be differentiated 
from the duller and throbbing headaches elicited 
by irritation of the highly sensitive dura of the 
base and the cavernous sinsus. This dural pain 
is referred to the ipsilateral forehead, temple, 
occiput, and behind the eye. Its frequent asso- 
ciation with nausea and vomiting (in Case 4) 
probably is a local meningovagal reflex phenom- 
enon and should not be interpreted as evidence of 
increased intracranial pressure. In fact, basal 
osteochondromas rarely produce definite signs of 
increased intracranial pressure, and if so, only 
in the advanced stage. This is explained by the 
slow growth rate and the extradural location of 
these neoplasms. Since venous return to the 
cavernous sinus is mechanically impaired by the 
tumor, thrombotic processes may occur, an event 
which is indicated by sudden increase of cranial 
nerve involvement, exophthalmos, local edema, 
and venous stasis of eyelids. Sooner or later, the 
optic pathway also becomes implicated. Depend- 
ing upon the direction of neoplastic growth, optic 
nerve, chiasm, or optic tract may suffer from local 
pressure. In more anteriorly placed lesions, a 
chiasmal syndrome with optic atrophy is likely 
to develop at an early stage (Case 5). In tumors 
extending more posteriorly and upward, ho- 
monymous hemianopsia, due to compression of the 
optic tract, may result (Case 1). Large osteo- 
chondromas inevitably encroach upon the hypo- 
physis and its stalk, the hypothalamic region, the 
mesial portion of the temporal lobe, and the cere- 
bral peduncle. Correspondingly, a pituitary- 
hypothalamic syndrome may develop and can be 
recognized by the presence of obesity, polyuria, 
polydipsia, impotentia, or amenorrhea, and 
drowsiness (as in Case 1 and in the observations 
of Paleari and Torrigiani). In two of our observa- 
tions (Cases 2 and 3), peculiar attacks were noted, 
characterized by vegetative (parasympathetic) 
phenomena, undescribable sensation of fear with- 
out lowering of consciousness. These seizures 
might have been convulsive equivalents and 


evoked either by hypothalamic stimulation (“au- 
tonomic epilepsy’’) or perhaps by hippocampal 
discharge (atypical uncinate attacks?). Signs ref- 
erable to compression of the cerebral peduncles 
are usually slight and clinically recognizable by 
minimal contralateral hemiparesis with increased 
deep reflexes. At an advanced stage, the expand- 
ing osteochondroma extends through the incisura 
tentorii into the posterior fossa causing pareses 
of the 7th and 8th cranial nerves (Cases 2 and 3). 
Primarily extracranial osteochondromas of the 
ethmoidal or sphenoidal regions produce neu- 
rologic signs only in the later phases of the disease. 
At first, the symptomatology is rather uncharac- 
teristic and indicative of an expansive or obstruc- 
tive lesion of the paranasal sinuses. The neoplasm 
may become directly visible by rhinoscopy. 
Mucoceles, infections of the occluded sinuses, 
dacryocystitis and orbital cellulitis are occasional 
complications which obscure the clinical picture. 
If the tumor invades the orbit, the eye bulges and 
is displaced downward and outward, thus ac- 
counting for diplopia and blurred vision. When 
the neoplasm finally penetrates into the cranial 
cavity, the optic nerve is the first structure to be- 
come affected. This is manifested by signs of 
retrobulbar neuritis and, later, by optic atrophy 
and blindness. Posterior extension of the tumor 
through the pterygopalatine fossa and superior 
orbital fissure toward the parasellar region will 
produce involvement of the 3d, 4th, 5th (first and 
second divisions), and 6th cranial nerves. 
Roentgenographic signs. The presence of basal 
osteochondromas is revealed by localized erosion 
of bone combined with dense calcifications in the 
tumor (Figs. 1, 2, and 4). Intracranial sphenoidal 
osteochondromas produce more or less marked 
parasellar erosion, i.e., unilateral destruction or 
thinning of clinoid processes, and sometimes also 
erosion of the mesial portion of the lesser sphe- 
noidal wing and of the petrous apex (Cases 3 and 
4). Ethmoidal osteochondromas may destroy 
ethmoidal bones, the floor of the anterior fossa, 
and the medial wall of the orbit (Case 7). Calcifi- 
cations in osteochondromas are either arranged in 
coarse flakes (Figs. 1,a, b and 4, b, c) or they may 
be so dense as to simulate cancellous bone, thus 
outlining the entire tumor mass (Figs. 2, a, b). 
Diagnosis. The diagnosis of osteochondroma 
arising from the base of the skull can be made 
before operation. Since parasellar lesions produce 
a characteristic clinical syndrome, they can be 
accurately localized, but it may be more difficult 
to ascertain the pathological type of the lesion 
present. The following conditions must be 
differentiated from the osteochondroma: 
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1. The subclinoid (parasellar) aneurysm of the 
internal carotid artery may be associated with 
similar neurologic signs,! but its history is usually 
shorter and the onset of symptoms more abrupt; 
furthermore it is likely to occur in older in- 
dividuals. Calcified aneurysms show smooth 
round contours, sometimes only a semicircular 
line of calcification. The differential diagnosis can 
be made with certainty by arteriography. 

2. Parasellar meningiomas, arising either from 
the anterior clinoid process, lateral wall of cav- 
ernous sinus or gasserian sheath (“‘gasseropetrosal 
meningiomas”) are apt to cause earlier and more 
marked visual changes: Meningiomas of the inner 
portion of the lesser sphenoidal wing and anterior 
clinoid process produce early ipsilateral optic 
atrophy with visual field changes, later on a 
Foster Kennedy syndrome; gasseropetrosal tu- 
mors cause bilateral papilledema. Basal menin- 
giomas often show localized hyperostoses at the 
point of their attachment, but they are less fre- 
quently calcified than chondromas. Calcareous 
shadows in meningiomas are usually finer and 
more uniform than those present in osteochon- 
dromas. 

3. Craniopharyngiomas occur in patients of a 
younger age than do osteochondromas. They 
nearly always affect the optic pathways and the 
hypophyseal-hypothalamic area, and commonly 
produce signs of increased intracranial pressure, 
but encroach less often on other cranial nerves. 
Roentgenologically, they are characterized by 
intrasellar or extrasellar, but not parasellar ero- 
sion and by fine granular intrasellar or suprasellar 
calcifications which, as a rule, lie in the midline. 

4. Chordomas may exhibit a symptomatology 
resembling that of osteochondromas. Their 
course is shorter, however, with a greater tend- 
ency to affect cranial nerves bilaterally and to in- 
vade the posterior fossa. These tumors may lead 
to considerable destruction of bone but do not 
calcify. 

Primarily extracranial osteochondromas can- 
not be differentiated clinically from other neo- 
plasms invading the base of the skull and para- 
nasal sinuses, but their characteristic roentgeno- 
graphic appearance may permit an anatomic 
diagnosis. 


TREATMENT AND PROGNOSIS 


Treatment. Since osteochondromas do not re- 
spond to radiation, surgical treatment is the only 
promising form of therapy. Primarily intra- 
cranial osteochondromas must be dealt with by 


In Case 4 the lesion was mistaken for an aneurysm, before definite 
changes were visible in the roentgenogram. 


neurosurgical methods. Unfortunately, it is rather. 
difficult to expose the posterior parasellar region 
from which most of these tumors arise. An extra- 
dural subtemporal approach, as is customary in 
trigeminal rhizotomy, rarely affords sufficient 
exposure, unless the lesion is small. The usual 
exploration of the pituitary region by a frontal 
osteoplastic flap is likewise inadequate, since it 
permits inspection only of the anterior parasellar 
area. Much better access to the parasellar region 
is obtained by a low frontotemporal osteoplastic 
craniotomy combined with subtemporal decom- 
pression. Since intracranial pressure is usually 
not high, the outer margin of the lesion may be 
disclosed by intradural elevation of the temporal 
lobe, but hardly sufficient room is obtained in 
this manner for safe and complete removal of the 
neoplasm. It is, therefore, advisable to resect 
the anterior and inferior parts of the temporal 
lobe to uncover the deep seated tumor (Figs. 3, b 
and c). Technical difficulties of the operation are 
caused by the extradural and intradural expansion 
of the tumor, and by its intimate relationship to 
various cranial nerves, cavernous sinus, and to 
the internal carotid artery. Although the neo- 
plasm itself may be completely avascular, detach- 
ment from its base may cause considerable 
hemorrhage, mostly from the middle meningeal 
artery and from venous radicals of the cavernous 
sinus and superior petrosal sinus. Most osteo- 
chondromas are easily broken up during removal, 
due to their brittle consistency. This facilitates 
their piecemeal removal, but it also increases the 
likelihood of incomplete extirpation. It is almost 
unavoidable that attempted radical removal of 
these tumors should be followed by at least a 
temporary increase of cranial nerve palsies (Cases 
I, 2, and 3). 

In primarily extracranial osteochondromas of 
the ethmoid of sphenoid, rhinologic methods of 
treatment are indicated and complete eradication 
possible, as long as they are small and confined 
to the paranasal sinuses. Large neoplasms, how- 
ever, with extensive involvement of the orbit and 
intracranial cavity offer a very poor operative 
prospect. Combined intracranial and nasal ap- 
proach was attempted in Case 7 and afforded a 
good exposure of the lesion. It should be men- 
tioned that such an operation inevitably estab- 
lishes a wide communication between the nasal 
and intracranial cavities with all its dangerous 
consequences, such as postoperative cerebrospinal 
rhinorrhea and ascending meningeal infection. On 
the other hand, the use of sulfonamides has con- 
siderably lessened the peril of these dreaded com- 
plications at the present time. 
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Prognosis. It was stated that the life expect- 
ancy of basilar osteochondromas may be a long 
one even without operation. In fact, the rate of 
growth may be so slow that the neoplasm appears 
to be stationary (Case 2). In most patients, 
severe headaches, trigeminal pains, or visual dis- 
turbances necessitate the operation at an early 
stage. Eventual recurrence may take place, be- 
cause it is technically impossible to extirpate 
these tumors in toto, yet the patients may gain a 
long period of symptomatic relief from the opera- 
tion. The outlook is most unfavorable in cases of 
extensive intracranial and extracranial involve- 
ment, since such lesions can be only partially re- 
moved and are liable to cause various distressing 
complications (sinus infections, dacryocystitis, 
and orbital cellulitis, etc_—Case 6). 


SUMMARY 


Seven cases of osteochondroma arising from 
the base of the skull are reported. In 4 almost 
identical cases, the lesion originated extradurally 
from the sphenoid bone and protruded intra- 
cranially in the posterior or parasellar region. In 
the fifth case, the extradural tumor of the sphe- 
noid was the only cranial manifestation of osteo- 
chondromatosis. In Cases 6 and 7, the neoplasm 
originated extracranially in the ethmoidal region, 
invaded paranasal sinuses, and finally extended 
into the cranial cavity. 

The sphenoid and ethmoid are preferential 
sites of osteochondromas. These lesions develop 
apparently from cartilaginous rests of the pri- 
mordial cranium. Their relationship to the 
chordomas is mentioned. The histologic picture 
of osteochondromas is described with its variants. 

Because of the slow rate of growth, the clinical 
course of osteochondromas is usually long, often 
lasting more than a decade. They occur in young 
adults and are possibly more common in the 
female. 

Intracranial osteochondromas in the parasellar 
region produce a neurologic syndrome typical for 


this location. Primarily extracranial osteochon- 
dromas show signs of an expanding lesion in the 
paranasal sinuses and cause neurologic mani- 
festations only at an advanced stage. 

Roentgenograms of basal osteochondromas are 
almost pathognomonic and are characterized by 
a combination of bony erosion and heavy cal- 
cification. 

The differential diagnosis of parasellar osteo- 
chondroma is discussed. 

The osteochondromas of the base of the skull 
require surgical treatment. Tumors of the intra- 
cranial parasellar variety are best exposed by 
frontotemporal osteoplastic craniotomy combined 
with subtemporal decompression, after partial 
resection of the temporal lobe. Extracranial 
osteochondromas extending into the paranasal 
sinuses may, if small, be successfully operated 
upon by the rhinologic methods. Large lesions 
with intracranial extension must be attacked by 
a combined intracranial and nasal approach 
which may result in complications such as cere- 
brospinal rhinorrhea and ascending meningitis. 
Since most intracranial osteochondromas must be 
removed piecemeal, their extirpation may be in- 
complete and hence a recurrence is likely to 
develop eventually. The postoperative period of 
survival may be a long one, unless the neoplasm 
has sarcomatous propensities. 
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THE RESULTS OF NEPHRECTOMY ON EXPERIMENTAL 
RENAL HYPERTENSION 


HENRY S. PATTON, M.D., ERNEST W. PAGE, M.D., and ERIC OGDEN, M.R.CS., 
Berkeley, California 


URING the past 6 years there has been 
considerable interest in the relation- 
ship between unilateral renal disease 
and arterial hypertension in man, and 

numerous efforts have been made to modify that 
hypertension by removal of the diseased kidney. 
Undoubtedly the impetus for this clinical approach 
has been the studies of experimental renal hyper- 
tension initiated by Goldblatt and his group who 
demonstrated that permanent hypertension re- 
sults from interference to the renal blood supply. 
Shortly afterward, scattered case reports appeared 
in which nephrectomy was followed by a cure of 
the hypertension. Subsequent reports by urolo- 
gists have been numerous and the results variable. 
In 1941, Abeshouse (1), in an extensive review, 
summarized the literature on hypertension and 
unilateral renal disease. 


REPORTED CLINICAL RESULTS 


Using part of this collected data (2), we have 
prepared a table showing the end-results of ne- 
phrectomy on those forms of hypertension pre- 
sumably originating from a single diseased kidney. 
This is not a complete compilation of all reported 
cases, but represents a very large sampling. 

Table I presents the type of unilateral renal dis- 
ease associated with hypertension and the number 
of cases studied after unilateral nephrectomy. 
The results are tabulated under 3 headings which 
might be termed in effect “failures,”’ “improved,” 
and “cured.” It is evident at first glance that the 
results vary according to the type of kidney dis- 
ease. It is not statistically sound to present totals 
on such a miscellaneous collection of cases; never- 
theless, such totals give an indication of the trend 
of the results obtained and furthermore enable us 
to compare the clinical results with the experi- 
mental results which we present below. It will 
be noted that approximately one-fourth of all of 
the reported cases resulted’ in a complete relief 
of the arterial hypertension, but that in over 


_ From the Division of Physiology and the Department of Obstet- 
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half of the cases there was either no lowering of 
blood pressure or a continuation of the rise fol- 
lowing extirpation of the diseased kidney. 

A few of the failures may be due to the fact that 
the hypertension was independent of the renal 
disease; in others there may have been a coexisting 
disturbance of circulation in the remaining kid- 
ney. Furthermore, even though the remaining 
kidney was shown to be normal by the usual kid- 
ney function tests and appeared to be normal fol- 
lowing a thorough urological study, it is recognized 
that experimental rena] hypertension may exist in 
animals with normal clearance values (6) and that 
there may be “‘silent’’ parenchymal renal lesions 
in man. In the majority of instances the residual 
hypertension following removal of the diseased 
kidney has been unexplained. 


EXPERIMENTAL INVESTIGATION 


Our experiments were designed to answer sev- 
eral questions bearing upon this problem: (1) In 
hypertension produced experimentally by unilat- 
eral partial ligation of the renal artery, what are 
the end-results of removing the affected kidney 
and how do these results compare with the clinical 
reports? (2) What are the factors that determine 
the success or failure of nephrectomy in curing the 
hypertension? (3) Does the hypertension result- 
ing from the unilateral disease produce irreversible 
changes in the opposite kidney? (4) If so, is it 
the severity of the hypertension or its duration 
that causes the greatest damage? 

The rat, sheep, and goat are the only known 
species except for man in which unilateral renal 
damage may result in permanent hypertension. 
Unlike dogs, rabbits, and monkeys, in which uni- 
lateral renal ischemia produces a transient hyper- 
tension only, some of our observed rats with uni- 
lateral partial renal artery ligation have had a 
permanent hypertension for a year and a half, and 
this period of time represents over half of the 
usual lifetime of the animal. For these reasons, 
the rat was chosen for our experimental obser- 
vations. 

Methods. In young adult rats of both sexes the 
left renal artery was partially occluded by a silk 
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Fig. 1. Complete relief of hypertension of short duration. 


ligature, the technique of Wilson and Byrom being 
used (13). Blood pressures were followed two or 
three times a week by the tail plethysmograph 
method of Williams, Harrison, and Grollman. 
After the hypertension had developed and was 
moderately well stabilized, the left kidney was re- 
moved and the blood pressure followed for a period 
of several weeks. The excised kidney was pre- 
served in Bouin’s fluid for histological study. In 
many animals the quantitative urinary output of 
albumin was checked before and after the nephrec- 
tomy. The animal was finally sacrificed, the 
weight of the heart obtained, and various tissues 
saved for a histological study of the vascular 
system. 

Results. The initial preoperative blood pres- 
sures of our normal rats ranged from 100 to 120 


TABLE I.—THE THERAPEUTIC EFFECTIVENESS 
OF NEPHRECTOMY IN CLINICAL HYPERTENSION 











SURGERY, GYNECOLOGY AND OBSTETRICS 


with a mean of 110. We considered any rats 
hypertensive when two or more consecutive read- 
ings were over 140 millimeters or in which the 
average value of all of the readings following 
the operation was over 130 millimeters. In the 
study of several hundred rats, we have never 
found a sustained spontaneous hypertension. 
Some of the animals we operated upon developed 
a hypertension of over 200 millimeters systolic 
pressure. 

Table II shows the results of the nephrectomy 
in relation to the duration of the hypertension 
and also in relation to its severity. The severity 
of the hypertension had little to do with the suc- 
cess of the nephrectomy, but the duration did. 
Any level of hypertension of less than 10 weeks 
was usually markedly improved or reduced to 
normal by removal of the affected kidney. Two 
weeks in the life of a rat is roughly comparable 
to 1 year in man. 

Charts 1, 2, and 3 illustrate sample protocols 
on typical experiments. 

Two groups of independent workers have re- 
cently reported similar observations on rats. Wil- 
son and Byrom (14) produced hypertension in 27 
rats by applying a small silver clip to one renal 
artery, and they studied the results of removing 
that kidney. Friedman, Jarman, and Klemperer 
(3) applied a cellophane bag to one kidney, thus 
producing a perinephritis and this resulted in sus- 
tained hypertension in a group of 44 rats. Table 
III presents a summary of all of the reported 
results. 

In spite of differences in technique, it will be 
noted that the results are similar. The totals are 


TABLE II.—THE RELATION OF DURATION AND 
SEVERITY OF HYPERTENSION TO THE EF- 
FECTIVENESS OF NEPHRECTOMY IN RATS 












































Num- 7 ee ee fon atoy 
Type of unilateral renal nar La : - : . 
disease associated with | or No Definite Sustained Result of nephrectomy 
hypertension ot a change |,/owering | return to 
tomy jora a but not yy normal ‘sill No. of ‘ rl 
norma’ uration—wks. animals | No change | Lowered, | Return to 
I or a rise but not to normal 
No. | Per cent normal 
Pyelonephritis 41 14 5 22 53 5-10 21 2 9 10 
Tuberculosis 18 5 3 10 56 11-45 26 13 Ir 2 
Chronic inflammatory dis- Totals 47 15 20 12 
ease complicated by cal- 
culus 112 87 5 20 16 Severity of hyper- 
- . tension—mm. 
Unilateral hydronephrosis 38 17 7 14 37 . 
140-160 26 12 9 5 
Neoplasm 21 15 5 I 4 
. . 161-180 Ir 2 6 3 
Congenital hypoplasia of 
one kidney 3 ° ° 3 100 181-200 7 I 3 3 
Totals 233 138 25 7° Over 200 3 2 I 
Per cent 60 10 30 Totals 47 15 20 12 
































> i Se 


pr 
it} 
in 


T: 


we 
res 


th 
ne 


ily 
kic 
du 


not 
of 


sm. 
sor 
tur 
ney 
blo 
the 
phr 
rats 
con 
at t 
spe 
and 
the 


amc 
tens 
Seve 
ther 
indi 
the 





rats 
read- 
1 the 
wing 
1 the 


ever 
sion. 
loped 
stolic 


tomy 
nsion 
erity 
> SUC- 
| did. 
weeks 
2d to 
Two 
rable 


tocols 


re re- 
Wil- 
in 27 
renal 
oving 
\perer 
, thus 
n sus- 
Table 
vorted 


rill be 


Is are 





eturn to 
10rmal 





10 








| 





PATTON ET AL.: 












eke 
e| fo ° 

z oe 
re ) ° a 
k hea. e 7 . 
2 $ ° "6% re rc) 
ie 2 2 ° 2 
Dulog * i © 
73 oo z ° 
r) on fo} 
2 700% 2 
“LI 

T T ¥ 7 ~ ' 
Days 0 20 40 60 80 100 


Fig. 2. Moderate improvement of hypertension of 2 
months’ duration. 


presented in Table III and the very close similar- 
ity between the results obtained by nephrectomy 
in all the clinical cases reported (compare with 
Table I) and the results obtained by nephrectomy 
in hypertensive rats by three groups of workers 
would seem to indicate that the nature of the 
residual hypertension in both rats and in man is 
the same. Thirty per cent of human cases and 
29 per cent of rats were completely relieved by 
nephrectomy. 

We observed one interesting fact which is read- 
ily explained. In some of the animals, the left 
kidney to which the blood supply had been re- 
duced by operation became progressively 2tro- 
phied until at the time of its removal there was 
nothing left but a small.calcified nodule. Removal 
of this mass did not lower the hypertension in 
a single instance. These nodules had once been 
small, pale kidneys which secreted the renal pres- 
sor substance and caused hypertension and, in 
turn, had resulted in damage to the opposite kid- 
ney. If subsequent atrophy with complete loss of 
blood supply to the affected kidney failed to cure 
the hypertension, it is obvious that surgical ne- 
phrectomy would accomplish no more. In other 
rats even though the renal artery. was found to be 
completely occluded, there was a small pink area 
at the inferior pole of the kidney supplied by the 
spermatic or ovarian branch of the ureteral artery, 
and nephrectomy in these animals often lowered 
the blood pressure. 

Pathological observations. During life, large 
amounts of albumin were excreted by the hyper- 
tensive rats, but the amounts did not parallel the 
severity of hypertension. Following nephrectomy, 
there was no consistent change in the albuminuria, 
indicating that most of the protein leaked through 
the glomeruli of the intact kidney. 
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tion. (Time scale has been altered to conserve space.) 


Cardiac enlargement, from 10 to 50 per cent 
above the expected weight, was observed on all 
rats still hypertensive at the time of death. The 
increase in heart weight was quite closely propor- 
tional to the level of blood pressure at the time 
of death. In view of the invariability with which 
such enlargement is noted, it is interesting to ob- 
serve that the heart weight was normal in those 
rats “cured” by nephrectomy, even though the 
blood pressure had once been at very high levels. 
This establishes the reversibility of cardiac hy- 
pertrophy. 

Histological examination of the kidneys! showed 
a number of pathological changes similar to those 
seen in human hypertensive disease. In the left 
kidneys which had been removed surgically, there 

1We are indebted to Mr. E. Johnson and Mr. R. Bazzanella for 
pe and special staining techniques, and to Dr. David Singman 
or interpretation of the renal changes. 
TABLE III.—COLLECTED RESULTS OF NEPHREC- 
TOMY ON EXPERIMENTAL HYPERTENSION 





























IN RATS 
Result of nephrectomy 
Method of oe 
Authors producing | Number N wer 
“ 3 No *) Return 
hypertension change —— to nor- 
or a rise neal mal 
Wilson and Silver clip ob- 27 8 9 10 
Byrom structing one 
renal artery 
Friedman, Cellophane bag} 44 3 29 12 
arman, and} around one} 
<lemperer kidney 
Patton, Page, | Partial occlusion| 47 15 20 12 
and Ogden with silk tie of| 
one renal ar- 
tery 
Totals 118 26 58 24 
Per cent 22 49 29 
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were large areas of necrosis due to anemic infarc- 
tion together with relatively normal appearing 
tissue. The iron hematoxylin and analine blue 
stain revealed varying degrees of thickening of the 
glomerular capillaries. In some instances, there 
was a thickening of the arterioles, but in general 
the vascular changes in the ischemic kidney were 
not as marked as in the intact kidney. 

The right kidneys, which had not been dis- 
turbed surgically, showed a varying degree of 
thickening of the walls of the arterioles with in- 
creased cellularity in all instances. There were no 
arteriosclerotic changes noted in the larger arter- 
ies. The parenchyma showed tubular dilatation 
and cloudy swelling. The glomerular capsules ap- 
peared thickened, and the glomeruli were quite 
cellular and showed a thickening of the capillary 
walls such as noted in cases of human eclampsia 
(8). In addition to the vascular changes, there 
were varying degrees of interstitial inflammation 
in some of the nonligated kidneys. 

The pathological changes observed in these kid- 
neys are quite identical with those described and 
illustrated by Schroeder and Neumann (10), who 
likewise studied the effects of arterial hyperten- 
sion in rats. We agree with them, as opposed to 
the findings of Wilson and Byrom (13), that the 
kidney to which the blood supply was limited 
participates in the vascular changes. This may 
simply indicate that the mean intrarenal arterial 
pressure—apart from the pulse pressure—is the 
same on both sides in spite of the renal artery 
constriction. 


EVALUATION OF STUDY 


Our findings confirm the opinions of Weiss and 
Parker and of Wilson and Byrom (14), that uni- 
lateral renal disease sets up a vicious circle result- 
ing in irreversible damage to the opposite kidney 
which then results in further hypertension, further 
renal damage, and so on. 

In order to cure experimental renal hyperten- 
sion in rats by nephrectomy, the disease should 
be of short duration and the renal lesion must be 
confined to one kidney, but must not have pro- 
duced a total lack of function of that kidney. 
These criteria are similar to those derived from 
clinical observations on man by Schroeder and 
Fish (9) who set an arbitrary limit of 2 or 3 years 
for the duration of human hypertension if a satis- 
factory result from nephrectomy were to be ex- 
pected. It is of interest that this period corre- 
sponds roughly to the percentage of life span which 
also holds true in rats. It seems that the rate of 
development of such pathological changes in the 
vascular system of rats is markedly accelerated. 
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As stated in a recent study of 193 nephrecto- 
mized patients by B. Friedman, Moschowitz, and 
Marrus (4) the decision to remove a pathological 
kidney should be based on the nature of the dis- 
ease and not on the expectation of curing hyper- 
tension. If the opposite kidney were unexpectedly 
diseased, the nephrectomy might indeed precipi- 
tate a further increase in blood pressure. In 5 
carefully studied cases, M. Friedman and his co- 
workers (5) determined the diodrast and inulin 
clearance before and after unilateral nephrectomy 
and in 3 cases demonstrated the feasibility of sepa- 
rate renal clearance determinations for each kid- 
ney. Unless this separate evaluation is done, no 
function test would furnish a positive clue as to the 
presence or absence of unilateral kidney disease. 

Whether the damage to the normal kidney re- 
sulting in residual hypertension is caused by the 
hypertension per se, or by a toxic substance arising 
from the diseased kidney as suggested by the work 
of Winternitz is not clear, and our data sheds no 
light on this problem. The often confirmed obser- 
vation that residual hypertension following the 
acute hypertensive states of pre-eclampsia and 
eclampsia depends more on the duration than the 
severity of the disease coincides with our conclu- 
sions. 

SUMMARY AND CONCLUSIONS 

The reported clinical cases of hypertension and 
unilateral renal disease in which a nephrectomy 
was done have been reviewed. In over half of 
these patients the blood pressure was not lowered 
or continued to rise following surgery. 

This problem was studied on rats in order to 
determine the factors which influence the success 
or failure of nephrectomy in curing hypertension. 
Permanent high blood pressure was produced by 
obstructing the blood supply to one kidney, and 
this kidney was then removed after varying inter- 
vals of time. Like the results in man, half of our 
rats had no lowering of the blood pressure and 
only 20 to 30 per cent of the animals were cured 
of hypertension. In the animals with residual 
hypertension, albuminuria persisted, and a histo- 
logical study of the remaining kidney revealed 
numerous vascular changes similar to those ob- 
served in human hypertension and apparently ac- 
counting for the continued maintenance of the 
high blood pressure. If the affected kidney had 
become completely devoid of a blood supply, its 
removal was a useless procedure. The greatest 
success following nephrectomy was in those ani- 
mals with hypertension of short duration, and 
within the limits of our experiments, the severity 
of the hypertension was not of importance in 
determining the end-result. 
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AN IMPROVED OPERATIVE METHOD FOR OBTAINING 
BONY FUSION OF THE GREAT TOE 


D. H. O’ DONOGHUE, M.D., F.A.C.S., and RICHARD STAUFFER, M.D., Oklahoma City, Oklahoma 


OR many years it has been the practice 

on the various services at the Crippled 

Children’s Hospital to carry out an oper- 

ative fusion of the interphalangeal joint 
of the great toe in all cases of transplantation of 
the extensor hallucis tendon to the dorsum of the 
foot. 

It has been observed that bony fusion of this 
joint actually occurs in only a comparatively small 
percentage of these cases (Table II). Many pa- 
tients develop a satisfactory fibrous fusion in 
good position and are pain free. Many others 
present no fusion at all, but the toe remains in 
good position, the handicap being difficulty in 
putting on socks and shoes due to instability of 
the toe. A certain other percentage (Table I), 
however, go on to flexion contracture of the toe 
with definite symptoms caused by resulting ham- 
mer toe; namely, corns, calluses, and inability to 
wear a shoe. Many of the patients, therefore, 


From the orthopedic service of the Crippled Children’s Hospi- 
tal. 


TABLE I.—CASES OF GREAT TOE FUSION WITHOUT WIRE FIXATION 


required a re-fusion of the toe, either because of 
pain or the inconvenience resulting from insta- 
bility. 

The usual method of arthrodesis of the inter- 
phalangeal joint was carried out in the majority 
of these patients. This procedure consisted of 
removal of the cartilage, careful approximation of 
the raw bone surfaces, and suture of the stub of 
the extensor hallucis attachment to the perio- 
steum of the dorsum of the proximal phalanx. 
Plaster immobilization was carried out, usually 
incidental to whatever period of time the foot 
required immobilization; i.e., triple arthrodesis, 
some 3 months; tendon transplants, 3 to 6 weeks, 
etc. No specific fixation was applied other than 
the cast to the foot. In an analysis of a series of 
patients which we were able to follow at the 
clinic, it appeared that about 80 per cent of the 
patients did not get a bony fusion, and that 20 
per cent required re-fusion because of the resultant 
flexion deformity or other complaints. For this 
reason, we felt it advisable to seek a more certain 





















































No. Initials No. Initials 
Age Sax Result Age ras Result 
I B.S. Fibrous union with toe flexion deformity Ir R.W. Bony union 
10 M* 14 M 
2 B.B. Fibrous union with toe flexion deformity 12 Ve. Fibrous union 
16 M* 5 M 
3 A.R. Fibrous union with toe flexion deformity 13 0.C. Fibrous union 
9 F* 20 M 
4 W.C. Fibrous union with toe flexion deformity 14 R.H. Fibrous union 
7 F* 13 Mt 
5 B.V. Bony union 15 K.B. Fibrous union 
10 M 19 M 
6 W.w. Bony union 16 L.C. Fibrous union 
6 M 7 M 
7 L.H. Fibrous union 17 G.J. Bony union 
16 ° 12 F 
8 N.R. Fibrous union 18 N.R. Fibrous union 
12 M 12 M 
9 W.J. Fibrous union 19 W.C. Bony union 
13 F 18 M 
10 E.D. Fibrous union 20 A.S. Fibrous union 
6 M 17 M = 

















*These toes required re-fusion because of flexion deformity. 

tMild postoperative infection; good clinical result. 
Diagnosis was poliomyelitis in all cases. Immobilization consisted of 
plaster case for 3, 6, 12 weeks, depending on foot operation, i.e., tendon 
transfer, triple, etc. 


20 per cent showed solid union, 80 per cent, non-fusion; 5 per cent 
infection; 20 per cent, flexion ay. 

(All cases included are from the orthopedic service of Crippled Chil 
dren’s Hospital.) 
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Fig. 1. Typical case showing flexion deformity following 
failure of fusion. 


TABLE II. 


-CASES OF GREAT TOE FUSION 
WITH INTERNAL WIRE FIXATION 




















No. | Initials | 
Age Sex | 
I B.S. 
10 M* 
2 B.B. 
16 M* 
3 A.R. 
9 Fe 
_— —— | 
4 K.G 
6 M 
5 W.C. | 
5 | MS | 
6 I.M. | 
7 F | 
7 F.B. | 
10 Ft 
8 | C.B. 
49 M 
9 P.A. 
10 | F 
10 V.E 
17 F 
II F.S. 
13 M 
12 L.V. 
10 ‘t 
13 CP 
8 Mt 
14 | D.G. 
25 | Ft 
























































Time Time | Results 

| pin removed — of fusion (x-ray) 

7 weeks 15 weeks Bony fusion 
atmeauedl Es EAS 

7 weeks 8 weeks | Bony fusion 

} 11 weeks 4 "Neo fusion 7 Fibrous union 

13 weeks | 13 weeks —_—| Bony fusion 

10 weeks i 12 weeks Bony fusion 

7 weeks 16 weeks Bony fusion 
r4weeks | Nofusion | Fibrous union _ 
16 weeks ; 16 weeks Bony union 
8 weeks nen 12 weeks " Bony union _ 
Pinstillin | 12 weeks | Bony union 
‘2oweeks | roweeks ~ | Bony union 
‘x7 weeks | 12 weeks —| Bony union __ 
“6 weeks 36 weeks ae ‘Bony union _ 
12 weeks : “48 weeks " Bony union —_ 





*Cases re-fused because of flexion deformity following original fusion 


operation. 


tComplicated by infection of the distal phalanx. After curettement, 


good clinical result. 


{Private patients of D. H. O’D. 
Diagnosis of all cases was poliomyelitis. Majority of cases from the 
orthopedic service of Crippled Children’s Hospital. 

5 per cent had solid bony fusion; 14 per cent, fibrous union, no 
de‘ormity; 7 per cent, infection; none had flexion deformity. 
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Fig. 2. Postoperative film, showing position of pin. 





Fig. 3. Same case as Figure 2 showing bony union and 
removal of pin. 


method for fusion and so prevent this high per- 
centage of poor results. 

Taylor reported a method of fixation for the 
phalanx in treatment of hammer toe which seemed 
highly adaptable to this situation. Our present 
operative technique follows. Careful denudation 
of the cartilage surfaces of the interphalangeal 
joint is carried out with apposition of the raw 
bone surfaces. While the toe is held in satisfac- 
tory position, a Kirschner wire is drilled linearly 
through the end of the toe, traversing the distal 
phalanx, crossing the denuded joint, and extend- 
ing well into the proximal phalanx. Ordinary 
closure is then carried out. Since the Kirschner 
wire provides such firm internal fixation, no 
external immobilization is necessary. Various 
methods of treatment of the end of the wire have 
been used, the most satisfactory being to clip it 
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off just outside of the skin surface. This permits 
easy removal and at the same time the wire is not 
left protruding enough to interfere at all with 
the sock or the shoe. Weight bearing is permitted 
as soon as the wound is healed, provided other 
conditions of the foot permit. Following adop- 
tion of this method of treatment bony fusion oc- 
curred in 85 per cent of the patients (Table II). 
Three patients developed slight serous drainage 
about the wire, which promptly healed following 
removal of the wire. The only complication of 
any note consisted of a localized osteomyelitis 
around one of the wires. This occurred when the 
patient accidentally kicked the wire back into 
his toe while going barefooted. (The wire had 
protruded too far.) On removal of the wire and 
curettement of the sinus, this condition healed 
promptly without solid fusion of the joint but 
with good clinical result. In one other patient 
of this series fusion failed; in this particular case, 
the wire was removed too soon. The patient 
obtained only fibrous union, but with a satis- 
factory clinical result. Since there seems to be 
no contraindication to leaving the wire in, under 
ordinary circumstances the wire is not usually 


removed until bony fusion is demonstrable ly 
x-ray. Many of our patients wore the wire much 
longer than necessary due to the fact that they 
were having no difficulty and failed to return ‘o 
the clinic at the designated time. The average 
time for leaving the wire in was 12 weeks, and it 
is probable that a somewhat longer period wou!d 
be desirable provided there is no discomfort from 
the wires. All of the patients reported had polio- 
myelitis and were subjected to a transplantation 
of the extensor hallucis tendon to the dorsum of 
the foot. 
CONCLUSION 

A satisfactory method for obtaining solid fix- 
ation of the interphalangeal joint of the great 
toe, as herein described, in our hands has mater- 
ially improved the result in arthrodesing oper- 
ations of the interphalangeal joint of the great toe. 
This method was used initially in those cases in 
which bony fusion had failed to occur, but at the 
present time we are using it routinely on our 
service and are obtaining excellent results. 


REFERENCE 
Taytor, R. G. J. Bone Surg., 1940, 22: 608. 
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DUSTING POWDER GRANULOMAS 


FOLLOWING SURGERY 


WILLIAM McKEE GERMAN, M.D., Cincinnati, Ohio 


T has been occasionally observed (7) that tal- 
cum powder, hydrated magnesium silicate, 
used so extensively and often so carelessly 
as a glove and dusting powder is capable of 

producing granulomas in tissue. 

Feinberg has reported granulomas in the sub- 
cutaneous tissues of patients who had previously 
had thyroidectomies. Antopol has observed the 
lesions in a group of patients in whom the granu- 
lomas were produced by lycopodium spores, fol- 
lowing the use of this material as a dusting pow- 
der; and has reported 1 case produced by talc. 
Here the lesions were found in the serosa of the 
appendix. 

Ramsey and Douglas (8) have recently reported 
the finding of talc granulomas in various localities 
and caution against the use of the material in 
abdominal surgery. 

That talc produces a form of peritoneal inflam- 
mation is attested by McCormick and Ramsey 
(6), and that silica can give rise to granulomatous 
masses which may be mistaken clinically for neo- 
plasms has been shown in a report of such a mass 
developing in the scar from a scalp laceration (5). 

Occasionally the pathologist is called into the 
operating room to have the surgeon point out 
small peritoneal lesions, some just visible to the 
naked eye, some as large as 2 millimeters in diam- 
eter. These may be on the appendix, the oviducts, 
the peritoneum of the uterus, or the coils of the 
intestine. There may be but a single lesion or 
there may be many. There is no free fluid in the 
abdomen and adhesions may or may not be pres- 
ent. The surgeon invariably suggests tuberculosis 
or carcinomatosis. 

The lesions are discrete. A small aggregation of 
them may give the appearance of coalescence. 
They are covered by an intact layer of peritoneum 
unless they may be located within some adhesions 
(Fig. 1). There is no visible reaction of the sur- 
rounding tissues. The lesions escape notice in the 
ovaries (Fig. 2) and the omentum because of the 
irregular surface of these structures. They are 
occasionally seen on the surface of the liver if the 
previous surgical interference has been in this re- 
gion. Inquiry reveals that every one of these 
patients has had a previous laparotomy. 


From the Department of Pathology, College of Medicine, 
University of Cincinnati and the Department of Pathology, Good 
Samaritan Hospital, Cincinnati, Ohio. 


Routine histological sections of the lesions show 
tiny granulomas consisting of one or a few giant 
cells, surrounded by a few lymphocytes and mac- 
rophages and a mild proliferation of histiocytes 
which may have the appearance of epithelioid 
cells. Even histologically some of the lesions may 
resemble tubercles and that some have been mis- 
taken for tuberculous lesions is understandable 
(Fig. 3). Gardner has commented upon the simi- 
larity of tuberculous and silica lesions. 

If the lesions are scrutinized carefully by the 
ordinary illumination, foreign body material may 
or may not be seen in them. But if polarized light 
be used, the silicate crystals will be seen to stand 
out in brilliant illumination as an electric sign in a 
night sky. Cellulose fibers from gauze and cotton 
behave in a similar manner (Fig. 4). Both of 
these substances, chemically inert, are quite likely 
to be unseen in routine sections with the usual 
source of illumination. 

So useful is polarized light that we have come 
to use it routinely in all granulomatous and cica- 
tricial lesions. 

It has been our observation that if interval or 
serial sections are routinely taken through the 
omentum of patients previously operated upon 
and these sections are studied with polarized 
light, granulomas and crystals will almost always 
be found. The large number of crystals found in 
the omentum is due to the natural scavenger ac- 
tivity of the cells of that structure. It might be 
added that fragments of cellulose fibers from sur- 
gical sponges are likewise occasionally found where 
they too induce a similar type of foreign body 
reaction. 

The frequency with which these granulomas are 
found in the serosal layers of the viscera and in 
adhesions has led us to speculate upon the rela- 
tion between dusting powder and adhesions. 

Prompted by the constant association of talc 
granulomas and adhesions in patients previously 
operated upon, the following two sets of studies 
have been made: (1) An analysis of 50 hospital 
patients presenting talc granulomas in various 
localities; (2) a study of such lesions produced 
experimentally in laboratory animals. 


PATIENTS PRESENTING TALCUM GRANULOMAS 


Fifty consecutive, unselected hospital patients 
previously operated upon and presenting talcum 
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Fig. 1. Routine illumination. Granuloma with crystals 
and giant cells in tubal adhesions. 


granulomas were subjected to careful study. The 
following points were noted in the study: (1) the 
patients’ sex and age; (2) the symptoms for which 
the patient came to the hospital; (3) the date and 
type of present operation; (4) the number of pre- 
vious operations; (5) the date and type of previous 
operations; (6) the presence, location, and amount 
of adhesions; (7) the macroscopic description of 
the surgical specimens; (8) the site of and an esti- 
mate of the number of talcum granulomas as 
shown by the histological sections which were 
made in each case. 





Fig. 3. Polarized light. Small granuloma in cortex of 
ovary with giant cell containing a large crystal. With 
ordinary illumination the lesion resembles a young tubercle. 





Fig. 2. Polarized light. Granuloma with crystals in 
cortex of ovary. 


The purpose of these studies was to correlate, 
if possible, the number of talcum granulomas, and 
therefore the volume of talcum, with the pathol- 
ogy seen in the abdomen and the amount of adhe- 
sions observed. 

An analysis of the cases studied showed the 
following: 

1. Sex and age had no bearing upon the 
pathology. 

2. Every case had had a previous surgical oper- 
ation of some type. 

3. Of the 50 patients studied 42 had had 1 pre- 


Fig. 4. Granuloma in appendiceal scar. By polarized 
light, this section is found to contain both cellulose fibers 
and talc crystals, 
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Fig. 5. Routine illumination. Talc crystals on contact 
with peritoneum are rapidly surrounded by proliferating 
serosal cells. Guinea pig; 24 hours. 


vious operation; 7 had had 2 previous operations; 
and 1 patient had had 5 previous operations. 

4. The time interval between the operations 
was of no apparent importance. 

5. In so far as the information was available in 
the patients’ records there was no apparent cor- 
relation between the symptoms and the talc. It 
was observed that some of the patients com- 
plained of the same symptoms for which they had 
originally sought relief. 

6. In general it was observed that adhesions 
were more abundant in patients who had had 





Fig. 7. Polarized light. Talc crystals shown in young 
;ranuloma, covered by intact layer of serosal cells. 


* 
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Fig. 6. Routine illumination. Talc crystals covered by 
an intact layer of serosal cells, forming young granuloma. 
Guinea pig; 48 hours. 


more than 1 previous operation and that the more 
extensive the surgery the more abundant the 
ad iesions. 

7. Of the 50 patients presented, 40 showed 
intra-abdominal granulomas. 

8. Forty-one patients were women, who are . 
more often the victims of surgery than men (often 
useless surgery). 

9g. Every patient showing intra-abdominal 
granulomas also showed adhesions. There was a 
constant association between the presence of sili- 
cate and adhesions. 





Fig. 8. Routine illumination. Young granuloma sinks 
to plane of surrounding serosa. 
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Fig.9. Polarized light. Young peritoneal granuloma 
containing crystals. It has sunk to plane of-serosa and is 
covered by an intact layer of serosal cells. 


10. Five patients submitted to surgery for no 
other reason than for liberation of adhesions. 

11. Of the 50 patients, 10 presented granu- 
lomas in areas other than the abdomen; 6 cases of 
granuloma occurred in sinus tracts in which le- 
sions failed to heal following previous surgery; 3 
patients presented incisional tumor masses, 1 
thought to be a neoplasm; 1 thought to be an in- 
cisional hernia (Fig. 4); another a cold abscess. 
Another patient developed granulomas in the 
cicatrix of a circumcision, and this necessitated 
further surgery for marked phimosis. 

12. One patient who had previously had a 
cesarean section presented the interesting combi- 
nation of dusting powder granulomas and of 


Fig. 11. Polarized light. Granulomas with crystals and 
giant cells in cortex of the ovary. 


Be js 
F = 
Fig. 10. Polarized light. Peritoneal granuloma, late, 


containing giant cells which contain the crystals. Lesion 
surrounded by fibrosis. 


proved tuberculous peritonitis and salpingitis, the 
tuberculous and the silicate granulomas coexist- 
ing in the same microscopic field. 

13. Of the 40 cases presenting abdominal le- 
sions talc granulomas were found in the following 
sites: in the omentum, 20 times; in the ovary, 
18 times; in adhesions, 15 times; in tubes, 9 times; 
in wall of intestine, 5 times; in serosa appendix, 
1 time. 

In order, if possible, to determine the quantita- 
tive relation between the amount of silicate found 
and the abundance of the adhesions, the sections 
and the notes dictated by the surgeon were stud- 
ied, independently. When 3 granulomas or less 
per section were found the silicate was termed 


Fig. 12. Polarized light. Granuloma with crystals ir 
rabbit adhesions following traumatization of the serosa. 





: late, 
Lesion 


s, the 
exist- 


al le- 
wing 
vary, 
imes; 
ndix, 


ntita- 
found 
‘tions 
stud- 
r less 
rmed 


4 


GERMAN: DUSTING POWDER GRANULOMAS FOLLOWING SURGERY 505 


minimal. When more than 3 granulomas were 
found per section the amount of silicate was 
termed abundant. 

When the surgical notes mentioned adhesions 
without description or referred to them as a few, 
or occasional, the adhesions were termed minimal. 
When the surgical notes described adhesions as 
massive, abundant, extensive or in other terms 
denoting large quantity the term abundant was 
used. Thus there are four relationships between 
quantity of silicate and adhesions: 


Cases 
Granulomas abundant—adhesions abundant........ 20 
Granulomas minimal—adhesions minimal.... . : 8 
Granulomas minimal—adhesions abundant. . . 
Granulomas abundant—adhesions minimal 


Thus it will be seen that while there are excep- 
tions each way, there is a general agreement as to 
the volume of the silicate and the quantity of 
adhesions. 

It is true that this is but a crude approximation 
and many objections may be raised against the 
conclusion that the amount of adhesions is in 
direct relation to the amount of talc. 

It may be rightly argued that: 

1. The case records give no idea as to the ex- 
tent of the original pathological changes and the 
peritoneal involvement by those changes. 

2. The records give little idea as to the extent 
of the previous surgery and the traumatization 
necessitated by that surgery. 

3. They give no idea as to the peritoneal ma- 
nipulation and traumatization produced by the 
operator (it is admitted that there is a wide differ- 
ence among surgeons as to the gentleness or 
roughness of their manipulation of peritoneal cov- 
ered viscera). 

4. Some surgeons make a practice of passing the 
gloved hands through a Sterile hand bath to re- 
move excess dusting powder before operating; 
others plunge their dry talc covered gloves into 
the moist peritoneum with no such precaution; 
others use the wet glove technique, without the 
use of a dusting powder. 

In short, there are too many scarcely apprais- 
able factors to permit a definite conclusion that 
the quantity of adhesions is directly proportional 
to the quantity of dusting powder or that the 
dusting powder is responsible for the adhesions. 

In the production of adhesions two things are 
necessary: first, some form of trauma to the 
serosa and, second, exudation of fibrin. Although 
talc granulomas were found in the adhesions as 
well as beneath the serosa of the viscera, there was 
no direct evidence that the talc by itself produced 
the adhesions. 


The previous conditions for which the patients 
were operated upon and the surgery itself would 
supply both factors necessary for the adhesions. 

If the talc can admittedly produce marked reac- 
tion in tissues, then what is the relation, if any, of 
the talc to the adhesions and what is its fate in 
the tissues? 

In an attempt to answer these questions the fol- 
lowing animal experiments were carried out. 


GRANULOMAS PRODUCED EXPERIMENTALLY 


Experiment 1. Intraperitoneal injection talc suspension. 
Six guinea pigs received by intraperitoneal injection 5 cubic 
centimeters of a sterile o.5 per cent suspension of surgical 
talc in physiological salt solution. The animals manifested 
no symptoms after the injection. 

The animals were sacrificed in pairs at weekly intervals. 
The intra-abdominal findings were essentially the same, 
regardless of when autopsy was made. There were no ad- 
hesions. Minute yellowish granulomas were visible in the 
peritoneum of the intestines, in the omentum, and beneath 
the peritoneum of the fat which is present in the lower 
abdomen. 

Histologically the granulomas consisted of proliferated 
histiocytes, macrophages, and giant cells with the accumu- 
lation of a few lymphocytes. When viewed with polarized 
light, many silicate crystals could be seen, some in the 
giant cells, some lying between macrophages and histio- 
cytes. The lesions were covered by an intact layer of peri- 
toneum and upon the surface there was no exudate. The 
foreign body material had all been buried beneath the peri- 
toneum and surrounded as any inert foreign body. None 
of the injected material was found free in the peritoneal 
cavity. The entire process had been completed within 1 
week after the inoculation. 

For control purposes 1 guinea pig received intraperito- 
neally by needle 5 cubic centimeters of sterile physiological 
salt solution. This animal was sacrificed at the end of 3 
weeks. The abdominal cavity on autopsy was entirely nor- 
mal as might be supposed. There were no adhesions. The 
same saline solution was used throughout all the experi- 
ments. 

Experiment 2. Intraperitoneal injection talc suspension. 
Two normal female rabbits received, by intraperitoneal in- 
jection and by aseptic technique, 10 cubic centimeters of a 
0.1 per cent sterile talc suspension in physiological salt 
solution. The inoculation produced no manifest symptoms. 

At the end of 4 weeks the animals were sacrificed (chloro- 
form) and autopsy was performed. The abdominal cavity 
showed no increase in fluid. There were no adhesions. A 
few yellowish granulomas were seen on the large intestine, 
largely in the mesenteric, not the free, side; a few granulo- 
mas were seen in the omentum. There were no other abnor- 
malities. 

Histological examination showed foreign body granu- 
lomas, consisting of proliferated histiocytes, macrophages, 
and giant cells. Polarized light demonstrated in the granu- 
lomas varying numbers of silicate crystals. The overlying 
peritoneum was intact and there was no exudate. The talc 
had been completely removed from the peritoneal cavity 
and had been immobilized beneath an intact layer of serosal 
cells. 

Experiment 3. Intraperitoneal injection talc suspension, 
early reaction. In order to study the early reaction of the 
peritoneum to talc, 2 rabbits were inoculated intraperito- 
neally with 10 cubic centimeters of sterile 0.1 per cent talc 
suspension in physiological saline. 
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The first of these rabbits was sacrificed at the end of 18 
hours. At autopsy the peritoneal cavity contained an esti- 
mated 3 cubic centimeters of definitely cloudy fluid, slightly 
yellow in color. About 1 cubic centimeter was pipetted off 
into a small tube and allowed to stand at room temperature. 
No coagulum formed at the end of 1 hour. The abdomen 
showed no macroscopic evidence of inflammation. A few 
minute whitish flecks were attached to the peritoneal sur- 
face and these could not be wiped off. They were obvious 
aggregations of talc. Specimens from these areas were 
taken for histological examination. 

The fluid removed by pipette was examined cytologically, 
supravital stain (Ehrlich’s neutral red and Janus green) 
being used. The following cellular elements identified are 
listed in order: monocytes, large numbers; macrophages, 
numerous; lymphocytes, few; serosal cells, occasional; 
polymorphonuclears, occasional. 

One or 2 macrophages contained some minute crystals. 
A few free crystals were seen but care must be exercised in 
recording free crystals in a hospital where talc is so abun- 
dant in the air and upon glassware, however scrupulous the 
technique. 

Autopsy was done on the second rabbit at the end of 24 
hours. The findings practically duplicated those in the 
first. The cellular response in the peritoneal fluid was 
essentially the same. All the talc had been immobilized 
and there was none free in the fluid. There were no ad- 
hesions. 

The character of the cells found in the fluid, the almost 
complete absence of polynuclears and the absence of fibrin 
bespeak the nonirritant quality of the talc. 

Histological examination of the peritoneal plaques found 
in these 2 rabbits showed a series of changes in the perito- 
neum which may be described briefly as follows: When the 
silicate crystal makes contact with the serosal surface, the 
serosal cells in the immediate vicinity lose their flat appear- 
ance, become globoid, and begin to proliferate. Very soon 
the crystal i is seen lying in a cup composed of these cells. 
This cup-like mass is elevated above the surface of the sur- 
rounding normal serosa (Fig. 5). 

The cup is rapidly closed across the top by proliferating 
serosal cells which completely cover the crystal (Fig. 6). As 
the process goes on there is a proliferation of histiocytes in 
the deeper layers in the vicinity. A few monocytes and 
macrophages appear, the beginning of a granuloma. Very 
soon the young granuloma instead of projecting above the 
surface (Fig. 7) comes to occupy a position in which there is 
little if any alteration of the serosal plane and lies definitely 
beneath the surface, covered by an intact, smooth layer of 
serosal cells (Fig. 8). The crystals now usually lie, espe- 
cially if single, in such a way that their long axes are 
parallel with the serosal surface. 

During the process no exudate of fibrin is seen. 

As the granuloma develops giant cells are seen and the 
crystals may be demonstrated within the cytoplasm of 
these cells or lying in the interstices between epithelioid 
cells (Figs. 9, 10). 

In some organs, especially the human ovary, the granu- 
lomas may be seen at a considerable distance, often as much 
as a millimeter or more, beneath the surface (Fig. 11). 


In the mechanism of the formation of adhe- 
sions it is well known that fibrin plays an impor- 
tant part. The inability of silica, per se, to induce 
an exudation of fibrin would suggest that it is not 
important in the formation of adhesions. These 
observations would point to a very efficient mech- 
anism of disposal of talc by the peritoneum. 


Experiment 4. Laparotomy, no trauma, tale suspension. 
Two normal rabbits were selected. With aseptic technique, 
under intravenous nembutal anesthesia reinforced by ether 
the abdominal cavity was entered through a midline inci- 
sion; 10 cubic centimeters of sterile o.1 per cent talc sus 
pension was introduced into the abdominal cavity. The 
contents of the cavity were left untouched and the incision 
was closed with two layers of sutures. 

At the end of 4 weeks autopsy was performed upon the 
rabbits. The incisions were well healed without evidence of 
infection. One rabbit showed some adhesions between the 
large intestine and the anterior abdominal wall at the site 
of the incision. Neither rabbit showed any generalized ad- 
hesions. A few minute, yellowish granulomas were seen in 
the peritoneum and in the omentum. 

Histological examination showed typical talc granulo- 
mas, covered by an intact layer of serosal cells. 

For control purposes under aseptic technique and with 
intravenous nembutal anesthesia reinforced by ether, the 
abdomen of a third rabbit was opened and 10 cubic centi- 
meters of sterile physiological saline was introduced with- 
out disturbing the contents of the abdomen. The abdomen 
was closed with two layers of sutures. At autopsy at the 
end of 4 weeks this rabbit showed no generalized adhesions, 
and there was no evidence of any abnormality of the viscera 
or the peritoneum. 

Experiment 5. Laparotomy, no trauma, dry talc. Under 
aseptic technique and with intravenous nembutal anesthe- 
sia supplemented with ether, the abdomens of 2 rabbits 
were opened through a midline incision. 

Without disturbing the contents of the abdomen some 
sterile dry talc was dusted on the coils of the intestine. The 
abdomens were closed with two layers of sutures. 

The rabbits were examined post mortem at the end of 6 
weeks. A small pyogenic abscess was found in the lower end 
of the incision in one of the rabbits. This lay external to the 
peritoneum and had no communication with the peritoneal 
cavity. There were no generalized adhesions in either rab- 
bit. Numerous yellowish granulomas were found in the 
peritoneum of the large intestine, the omentum, and in the 
flanks in the region of the extremities of the oviducts and 
ovaries. The granulomas were larger than those found in 
the animals of experiment 4. This probably could be ac- 
counted for by both the uneven distribution of the powder, 
its adherence to moist surfaces, and its consequent slower 
dissemination throughout the abdominal cavity. 

Histologically the granulomas were larger, and contained 
great masses of crystals. The lesions as usual were covered 
by an intact layer of serosal cells without adhesions and 
without exudate. No other control animals were used in 
this experiment. 

Experiment 6. Laparotomy, oophorectomy, traumatization 
and talc suspension. With aseptic technique and under in- 
travenous nembutal anesthesia reinforced by ether, the 
abdomens of 2 rabbits were opened through a midline inci- 
sion. A unilateral oophorectomy was done on both rabbits 
and the peritoneum of the small intestine of each was vig- 
orously rubbed with sterile dry gauze, to traumatize super- 
ficially the serosa. In addition, the serosa was superficially 
scarified with the scalpel. One hundred cubic centimeters of 
0.1 per cent sterile talc suspension was introduced into the 
peritoneal cavity of one rabbit and the abdomen was closed 
with two layers of sutures. 

For control purposes the abdomen of the other rabbit was 
closed without the addition of the talc suspension. 

Autopsy on both rabbits was performed at the end of 6 
weeks. Both rabbits showed adhesions between the small 
intestine and the anterior abdominal wall at the site of the 
incision. So far as could be determined macroscopically the 
adhesions were no more abundant in the talc treated rab- 
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bit than in the control animal. Had the experiment been 
allowed to run 6 months instead of 6 weeks it is possible 
that a difference might have been noted. 

Histological examination of specimen from rabbit No. 1 
showed subserosal microgranulomas in the peritoneum of 
the small intestine, in the organizing adhesions in the 
vicinity of the incision, in the region of the oophorectomy, 
and in the omentum. 

Histological sections from rabbit No. 2 showed no differ- 
ences other than the absence of granulomas. In the case of 
rabbit No. 1 the granulomas contributed to an increased 
bulk of tissue reaction and a repair process. 

Experiment 7. Laparotomy, oophorectomy, traumatization, 
dry talc. With aseptic technique and under intravenous 
nembutal anesthesia reinforced by ether the abdomens of 2 
normal female rabbits were opened. A unilateral right 
oophorectomy was done on both animals. The peritoneum 
of the small intestine of each was rubbed vigorously with 
dry sterile gauze and superficially scarified by the scalpel. 
Upon the peritoneum of one animal (No. 1) sterile dry talc 
was dusted. The abdomen was closed with two layers of 
sutures. The other rabbit (No. 2) was closed without the 
introduction of talc. The amount of peritoneal trauma was 
about the same in both rabbits. 

At the end of 3 months autopsy was done on both rab- 
bits. 

Rabbit No. 1 showed adhesions between the small intes- 
tine and the anterior wall at the site of the incision, between 
the coils of the small intestine, in the region of the oophorec- 
tomy, and between the right horn of the uterus and the 
incision area. Definite yellowish white granulomas were 
seen in the adhesions (Fig. 12) in the omentum, in the fat in 
the region of the oophorectomy, and in a few places in the 
peritoneum of the free large intestine. 

Histological examination of specimens showed bulky 
granulomas in the regions mentioned, including the adhe- 
sive bands which united the bowel to the anterior abdomi- 
nal wall. Elsewhere the granulomas were covered by an 
intact layer of serosal cells, without adhesions. Rabbit No. 
2 showed adhesions between the bowel and the anterior 
abdominal wall at the site of the incision, between the coils 
of the small intestine. 


SUMMARY AND CONCLUSIONS 


Studies have been carried out to determine the 
response of tissues to surgical dusting powder and 
to determine the relation, if any, of dusting pow- 
der to adhesions and to other lesions. 

These studies would indicate that: 

1. Talc, although chemically inert, promptly 
induces a marked tissue reaction in the form of 
foreign body granulomas. 

2. The talc, once immobilized in the granulo- 
mas, remains permanently in the tissues. 


3. This process is an attempt to immobilize the 
crystals and is a protective mechanism. 

4. This protective mechanism may interfere 
with normal] healing processes depending on the 
site and the abundance of the granulomas which 
are present. 

5. Talc, per se, in the abdomen, in the absence 
of injury to the peritoneum, is quickly removed 
from the peritoneal cavity, immobilized and cov- 
ered by serosal cells, without the formation of an 
exudate and without adhesions. 

6. Adhesions do not develop without some form 
of traumatization of the peritoneum sufficient to 
produce exudation of fibrin. 

7. Even in the presence of peritoneal trauma 
and exudation of fibrin, the talc plays a secondary 
réle, in that it is caught up in the fibrin and is in- 
corporated in the adhesions. Thus the developing 
granulomas may either add to the bulk and den- 
sity of the developing adhesions or may impede 
the resolution of any adhesions once formed. In 
this sense it may be said to contribute to the dis- 
ability produced by adhesions resulting from sur- 
gical operations. 

In surgery we go to great lengths to exclude one 
type of foreign body—bacteria. Concerning bac- 
teria it may be said that they can be destroyed by 
the body and that their removal is complete. It 
is true that they are capable of reproducing them- 
selves. But for dusting powder, it may be said 
that although it cannot reproduce itself, it is a 
completely inert foreign body, incapable of de- 
struction or removal and yet capable of producing 
local tissue reactions. Its reduction to a negligible 
minimum could be easily achieved by simple pre- 
cautions. 
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LOBECTOMY, LOBOSTOMY, 
AND PNEUMONECTOMY 
IN THE TUBERCULOUS 


INCE the dawn of time man has sought 
by incision and excision to rid himself 
of many ills. Each new development in 

surgery has brought its corresponding attempt 
to eradicate or alleviate some hitherto hopeless 
or incurable malady. The problem of surgical 
removal of all or part of a lung has long in- 
trigued the surgical profession. Recent success- 
ful results of lobectomy and pneumonectomy in 
bronchiectasis and bronchiogenic carcinoma 
have intensified a desire to apply similar 
methods to the treatment of selected cases of 
pulmonary tuberculosis. 

Fundamentally this problem in the tuber- 
culous patient differs considerably from that 
encountered in patients with other conditions. 
Tuberculosis is a constitutional, not a local, 
disease. The symptom-producing, clinical le- 
sion is almost invariably a secondary meta- 
static focus not the primary site of the process. 
It cannot be eradicated completely by any 


known means, hence surgery alone cannot 
cure it. The disease itself may be flared up or 
disseminated by aspiration, by anesthetic 
trauma, by surgical manipulation, or by any- 
thing which lowers the patient’s general re- 
sistance. Because of these possibilities, end- 
results of any type of treatment cannot be 
accurately evaluated in short periods of time. 

Pulmonary tuberculosis of a degree sufficient 
to indicate, and of a type suitable for treat- 
ment by, collapse therapy responds well to 
pneumothorax, thoracoplasty, and other ac- 
cepted collapse measures. Four persistent 
complications, tracheobronchial tuberculosis 
with stenosis, bronchiectasis, bronchial ob- 
struction with secondary sepsis, and persistent 
cavity unclosed by all collapse therapy meas- 
ures, suggest a possible consideration of more 
radical surgical measures such as lobostomy, 
lobectomy, or total pneumonectomy. 

Lobostomy’, or external drainage of a lobe 
of the lung, usually by the Graham cautery 
technique, is not to be considered for ordinary 
bronchiectasis or uncollapsed cavity. Its lim- 
ited field of usefulness lies in relieving the 
sepsis from an obstructed, infected lung distal 
to a high grade bronchial obstruction in a 
patient too ill for lobectomy or pneumonec- 
tomy. The symptomatic response is often 
dramatic. The postoperative care is exacting 
and prolonged. External healing is slow but 
may be complete. Extrapleural thoracoplasty 
to control the remaining disease must follow 
when conditions permit. 

Lobectomy by primary ligation rather than 
a tourniquet technique may be considered for 
bronchiectasis or residual uncollapsed cavita- 


_ 'Some experiences with pneumonectomy, lobectomy and lobostomy 
in tuberculous individuals. Tr. West. Surg. Ass., 1941, pp. 497-521. 


508 








ins 
ba 
to: 
ch 
th 
ms 


ate 


10t 
.or 
tic 
1y- 


1d- 
be 


sis 


omy 











EDITORIALS 509 


tion. Mobilization may be difficult due to 
dense scar tissue or matted nodes, and tuber- 
culous tissue may be encountered at any point. 
Healing of tuberculous tissue may be insecure, 
and empyema, bronchial fistula, and sinuses 
may develop. Overexpansion of the remain- 
ing lobe after operation may induce an exacer- 
bation of residual tuberculosis. Pneumonec- 
tomy rather than lobectomy may be a wiser 
choice under such circumstances. Extrapleural 
thoracoplasty before or after the lobectomy 
may be desirable or necessary. 

Pneumonectomy by primary dissection may 
be considered for residual cavity, for bronchial 
stenosis, or for bronchiectasis. The contra- 
lateral lung should be uninvolved. The main 
bronchus must be free of disease. Matted 
mediastinal lymph nodes and dense fibrous 
tissue may complicate the dissection. Tuber- 
culosis in the pleura or in the tissue sectioned 
and sutured may result in poor healing, fistula, 
andempyema. Thoracoplasty later to obliter- 
ate the pleural cavity is often necessary. 


Procedures of the types mentioned, whether 
for tuberculous or nontuberculous disease, can 
be carried out in the tuberculous only at con- 
siderably greater risk than in nontuberculous 
individuals, yet special conditions may, though 
rarely, justify the attempt. Tuberculosis it- 
self presents the real hazard, with reactiva- 
tion, dissemination, and poor healing account- 
ing for much of the added risk. Dissection 
through tuberculous tissue, contamination 
with tubercle bacilli, and mass ligation leav- 
ing tuberculous material in the stump may be 
expected to lead to trouble. Surgery without 
adequate preoperative and postoperative con- 
stitutional treatment may well prove futile. 
The development of some new chemothera- 
peutic agent capable of inhibiting the activity 
of Mycobacterium tuberculosis for at least 2 
or 3 months would prove of inestimable value 
and permit us to offer relief to a considerable 
number of patients who are now beyond the 
reach of surgical aid. 

THOMAS J. KINSELLA. 
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by striking advances in all types of surgery 
performed upon practically every organ and 
structure of the human body—surgery pertaining to 
the pancreas has been hampered, in fact practically 
prevented, by algeneral edict concerning the dangersof 
a complicating acute pancreatic necrosis. It was quite 
definitely stated that if bleeding, necrosis of tissue, or 
infection resulted from the operative procedure a 
fatal pancreatic necrosis would likely ensue. This 
theory or postulation was formulated by physiolo- 
gists and other experimental workers and so forcibly 
impressed upon the clinical surgeon that he dared 
not disobey the mandate for fear of just criticism. In 
spite of this precept it had been shown by Senn and 
other clinical surgeons many years ago that opera- 
tions performed upon the pancreas did not neces- 
sarily lead to disastrous results. To be fair to all 
concerned it must be conceded that surgical tech- 
nique during the past decade or two has been im- 
proved in many details, such as in the gentle han- 
dling of tissues, meticulous care in hemostasis, less 
mass ligation in the control of bleeding, the use of 
silk for ligating vessels and the like. These factors 
most logically play a major réle in the successful 
surgical attack on organs such as the pancreas; 
moreover, the improvements in the general care of 
the surgical patient, such as the prevention or cor- 
rection of dehydration, blood transfusions for ane- 
mia, the adjustment of chemical disbalances, 
malnutrition and forms of avitaminosis and a host of 
other potential states contributed greatly to safe 
surgery by lessening postoperative complications. 
Great credit must be given to Whipple for his 
pioneer work in pancreatic surgery. It is due to his 
keen judgment, operative skill and courage that pan- 
creatic surgery received a great stimulus during the 
past decade. Coincident with Whipple’s work other 
surgeons were applying their surgical skill and logical 
thought to this interesting field of surgery. As a 
result of this crusade, pancreatic surgery today is 
being placed upon a sound basis and the pancreas is 
no longer considered the “‘ground on which angels 
fear to tread.”’ The surgeon today is boldly attacking 
the pancreas, excising tumors and cysts, removing 
much of the organ when necessary. It has been dis- 
covered that many previous deductions as to the need 
of the external secretion are by no means correct. 
Since great strides have been made in the past few 
years in the relatively new field of pancreatic surgery, 
there is a definite need for a summary depicting the 
present status of surgery of the pancreas. Such a 
monograph has just been prepared by Brunschwig. 
The author, who is eminently qualified because of his 


D URING thepast few decades—a period marked 
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clinical and experimental experiences, has presented a 
delightful and concise monograph! on the surgery of 
pancreatic tumors. The approach is excellent; con- 
cise yet complete; and the material is presented 
in good literary style. The text is unusually well 
illustrated, and the greater portion of the illustrations 
are original. 

The text is introduced by a historical chapter. 
After a consideration of the gross and microscopic 
anatomy, embryology, and physiology of the pan- 
creas and a summary of the experimental surgery, 
there are discussed diagnostic procedures, preopera- 
tive and postoperative care, pancreatic cysts, cyst- 
adenomas, cystadenocarcinomas, benign tumors of 
the ampulla of Vater, carcinoma of the ampulla with 
operative treatment, benign tumors of the pancreas, 
carcinoma of the head of the pancreas and its opera- 
tive treatment, cancer of the tail and body and its 
treatment, hyperinsulinism and islet cell tumors and 
the surgical management, sarcoma, secondary neo- 
plasms of the pancreas, complications of operations 
upon the pancreas, irradiation therapy of cancer of 
the pancreas, carcinoma of the pancreas in animals, 
and experimental pancreatic tumors in animals. 

The diagnostic procedures involved in detecting 
an islet cell tumor associated with hyperinsulinism and 
the results often obtained with its successful removal 
form a dramatic episode in modern medicine. This 
subject is clearly delineated in two chapters. The 
author has wisely included a consideration of the 
lesions of the ampulla of Vater because as he states 
“the problems of their surgical treatment are closely 
identified with pancreatic surgery.”’ 

Concerning carcinoma of the pancreas, there yet 
remains a note of pessimism that can be observed 
after a study of the subject. Successful removal re- 
quires a relatively wide excision of the tumor from a 
gross point of view. If the tumor is quite small a 
wide excision can be done; however, such a small 
tumor in the pancreas is rarely if ever diagnosed. It 
is not until the tumor causes symptoms or is palpable 
that it is detected. By this time it has become ad- 
herent to the surrounding structures and in most 
instances has invaded the surrounding structures or 
formed distant metastases. Removal at this stage is 
followed by recurrences. On the contrary, tumors of 
the ampulla of Vater because of their location cause 
very early physiological disturbances and can be 
detected while they may be very small and at a time 
when no spread or dissemination has taken place. 
Success should follow in a large percentage of pa- 
tients who survive the operation. 


1THE SuRGERY OF PANCREATIC Tumors. By Alexander Brunschwig, 
M.S., M.D., F.A.C.S. St. Louis: The C. V. Mosby Co., 1942. 
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This small work is truly one that arouses enthu- 
siasm. There is not a line that does not express some 
salient fact. It reads like an engrossing story and the 
illustrations are most instructive. The surgical pro- 
fession owes a debt of gratitude to the author for this 
excellent monograph. Joun A. WoLFER. 


Cen. both internists and surgeons, will 
welcome the volume on gastric carcinoma by 
Walters, Gray, Priestley, and their associates of the 
Mayo Clinic.! Backed as it is by a tremendous ex- 
perience in gastric surgery, it lays particular stress on 
methods of diagnosis of small and early malignant 
lesions. A historical introduction is followed by 
chapters on diagnosis, roentgenology, gastroscopy, 
special laboratory observations, physiological con- 
siderations, indications for treatment, pathological 
considerations, preoperative treatment, anesthesia, a 
detailed discussion of the various technical proce- 
dures, prognosis, end-results, and statistical data. 

Rightfully so, considerable space is devoted to the 
diagnosis of early lesions and other differential diag- 
noses of doubtful lesions in chapters on x-ray, gas- 
troscopy, and clinical diagnosis. Emphasis is laid on 
the need for early exploration in doubtful lesions 
that do not promptly respond to medical manage- 
ment and stay healed. Chapters on surgical treat- 
ment are written with close attention to technical 
detail and are excellently and profusely illustrated, 
as is the text throughout. 

While the written text is the product of some 
fifteen or twenty men, it is all interestingly written 
and makes good reading. This volume is a complete 
and up-to-date survey of gastric cancer. 

J. R. BucHBINDER. 


Eh English author, Bramwell from Manchester, 
and the American, King from Johns Hopkins, 
state in the preface to their The Principles and 
Practice of Cardiology? that the purpose of their 
text is to present two views, ‘‘clinical observation” 
as the fundamental viewpoint of the British, and 
“laboratory methods” as the predominant Ameri- 
can issue. They also indicate that the volumes are 
“impregnated by a strongly personal flavor.” On 
this basis, Dr. Bramwell presents his ideas in the 
first 238 pages, and Dr. King writes the latter half. 

History, physical examination, cardiac pain, heart 
sounds, are discussed by Dr. Bramwell in the con- 
ventional manner. There is a chapter on heart dis- 
ease and pregnancy and also an interesting chapter 
n “athlete’s heart.’’ His discussion of the pulse and 
cardiac arrhythmias contain the diagrams, sphygmo- 
grams, and electrocardiograms of the current Eng- 


ICARCINOMA AND OTHER wget LESIONS OF THE STOMACH. 
By Waltman Walters, B.S., M.S. in Surgery, D.Sc., F.A.C.S., 
Howard K. Gray, B.S., M.D. MLS i in Surgery, F.A.C.S., and James T. 
Priestley, B.A., M.D., M.S. in Experimental Surgery, Ph.D. in Surgery, 
F.A.C.S. Philadelphia and London: W. B. Saunders Co., 1942. 

*THE PRINCIPLES AND PRACTICE OF CARDIOLOGY. By Crighton Bram- 
well, M.A. (Camb.), M.D. (Manch.), F.R.C.P. (Lond.), and John T. 
King, A.B., Princeton, M.D., Johns Hopkins, F.A.C.R. London: 
Humphrey Milford (Oxford Univerity Press), 1942. 
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lish textbooks, as well as phonocardiograms. The 
reader may question whether these are English 
“clinical observations” or laboratory methods. 

Dr. King presents the American viewpoint in the 
manner recommended by the American Heart Asso- 
ciation from an etiological aspect, covering the distri- 
bution, and the various types of heart disease: con- 
genital, rheumatic, bacterial, syphilitic, hyperten- 
sive, and others. He devotes a special chapter to the 
“‘senescent heart’? which is a somewhat indefinite 
term, contrary to American idea. In general, his 
precepts are thoroughly conventional. 

The book, or better the two volumes in one book, 
presents the ideas of a British and an American 
author. If adverse criticism were to be offered, one 
might contend that an attempt was made to cover 
too much material in too few pages, in the ordinary 
textbook fashion. Cuauncey C. MAHER. 


i the second edition of Dr. Wangensteen’s out- 
standing monograph* he has enlarged particularly 
upon diagnosis and treatment, indications for, and 
technique of, surgical procedures; many illustrations 
have been added. 

The particular points of value, which make this 
volume a “must” to all students of surgery are its 
adherence to sound physiological principles, its de- 
tailed devotion to pathology, to the diagnosis and 
recognition of types and locations of obstructions, 
and above all, the clear recognition of the place and 
indication for both conservative and operative at- 
tack. The author has compiled a voluminous bibli- 
ography. His illustrations and photographs of ap- 
paratus and surgical technique leave nothing to be 
desired in this phase of his work. 

In part 1 is a lucid and physiologically sound dis- 
cussion of the sources and effects of distention locally 
and systemically, of absorption in obstruction, and 
also of the pathology of strangulation. Part 2 is a 
detailed discussion of the diagnosis of acute abdom- 
inal lesions, methods of recognition of the presence of 
obstruction, and the differential diagnosis of simple 
and strangulating obstruction. Part 3 covers treat- 
ment and embodies an extensive and detailed de- 
scription of conservative methods of decompression 
and operative procedures. There is a comprehensive 
discussion, complete with illustrations, of standard- 
ized bowel operations, including a chapter on closed 
aseptic resection. Part 4 covers the special obstruc- 
tions, such as obstructions of congenital origin, for- 
eign bodies, volvulus intussusception, and the like. 

The reviewer has had the privilege of expressing 
his opinion in a review of the first edition of this 
work. He has carefully read the second. In his 
candid opinion few monographs in modern surgical 
literature represent the standard of excellence as 
set forth in this volume on bowel obstruction. 

J. R. BucHBINDER. 
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